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INTRODUCTION 


Several years ago the author made a few elementary experiments on the 
function of the awn in barley. In these studies the awns were clipped 
from some spikes and not from others. The effect on the development 
of the kernels was so striking that im 1915 a more elaborate experi- 
ment was carried out by the author and Stephen Anthony. The develop- 
ment of kernels on normal and clipped spikes was determined from 
flowering to maturity. The method of study proved so satisfactory 


that it led to other investigations in which it offered the same possibility 
of application, The development of barley on dry land and on irrigated 
land, the response to irrigation water, and the differences in varietal 
behavior have all been studied by this means. The last study has been 
undertaken since the resignation of Mr. Anthony. In these studies, 
kernel growth has been used as an index of effect. Yield and size of 
mature kernels, while probably a safe summary of the effects of varia- 
tions of treatment or differences of types, do not throw much light on 
the time when the effect occurred, or always on the reasons therefor. 
This group of studies has been carried on with the idea that variations 
from a basic growth curve showing the inception, duration, and degree 
of response would be much more illuminating than the single observation 
of the final result. 

A number of studies have been completed, and it is the intention to 
publish the results of the special projects from time to time. The 
results represent a normal growth curve. It is intended that this curve 
shall form the basis of comparison in the later studies and that it shall 





1 These studies were made on the Aberdeen Substation, Aberdeen, Idaho, in connection with cereal 
experiments conducted cooperatively by the Idaho Agricultural Experiment Station and the Office of 
Cereal Investigations, Bureau of Plant Industry, United States Department of Agriculture. 
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be a connecting link between the various studies. In this paper the 
results with the Hannchen variety are given in full for one year at 
Aberdeen, Idaho. The Hannchen variety was chosen for this basic 
statement because it has been used more extensively than any other 
variety. The growth at Aberdeen is selected both because of the fact 
that most of the studies made and projected are located there and 
because of the remarkable uniformity of growth of plants at that place 
from season to season. In three different years the period from flowering 
to maturity has extended over exactly 26 days. This uniformity, 
coupled with accurate sampling, has made it possible to take samples 
at intervals as short as 24 hours or even less and still show consistent 
growth. In no previous studies on cereal crops, either here or abroad, 
have samples been taken more frequently than at 3-day intervals, yet 
it is readily seen in figure 1 that most of the growth in length is com- 
pleted in a period of three days. The measurements of kernel dimen- 
sions are an important index of development which seems to have 
been generally ignored. 


HISTORICAL REVIEW 


The published data on kernel development have little relation to the 
various lines of investigation at Aberdeen, Idaho. Differences of location 
and variety make anything but general comparisons difficult in this con- 
nection. 

The studies of kernel development previously reported in the cereals 
have been the outcome of a wide range of experiments and are too numer- 
ous to be reviewed in detail. Kudelka (4),? Lermer and Holzner (5),and 
many others have published on the origin and development of tissues in 
the caryopsis as a whole, or even in the entire plant. Some investigations 
have been specifically devoted to tissues of the pericarp. Johannsen (3), 
Brenchley (7), Schjerning (6, 7), and numerous others have investigated 
the chemical changes of growth and maturation. The work of these in- 
vestigators is referred to later. Their experiments were carried on under 
relatively unfavorable conditions. The contrast is remarkable betweén 
the humid climates of Denmark and England, with their frequent storms 
and days of low activity, and the arid climate of Aberdeen. Schjerning 
had a difference of 12 days in the maturity of his plots in two succeeding 
years. 

The detail of the experiment at Aberdeen is more nearly like those of 
Brenchley (1), Schjerning (6, 7), and Johannsen (3) than those of the 
other investigators. It differs from these in a reduction of the period 
between samples and in the extensive study of the physical indices of 
length’and diameter of kernel. The chemical and morphological phases 
are not comparable with those of Schjerning and Johannsen, 





2 Reference is made by number (italic) to ‘Literature cited,’’ p. 429, 
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EXPERIMENTAL METHODS 


Such success as has been obtained in reducing the interval of sampling 
is due in large part to the accuracy of tagging spikes at the same stage of 
development. This, in turn, rests on an observation made several years 


CU. 
PAS; 


720 
AS 
80 


ers 9arr 
SOF ODIOW IEW MIS (E1718 (9 C08 FU Me nN 
POY BOLE PERE RERILLOI UF 2 FESO ZEAS 
6 48 18 17 18 (9 208) 2223 MES 26 8? 2020309 T°? F 


Fic. 1.—Graph showing length, lateral diameter, and dorsoventral diameter of barley kernels for the as 
days following flowering. ‘The broken lines give the data for 1916, the solid lines the data for r9r7. 
before the work was started. In agronomic notes taken upon cereal 
varieties, the time of heading and the time of ripening have always been 
considered to be important statements of development. Of these, the 
time of heading is thought to be especially valuable, because drouth and 
other climatic factors that greatly influence maturity have usually 

affected the plant but little up to this stage. 
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While time of heading in barley is doubtless significant, it is very 
difficult to determine. A barley spike may be visible two or three days 
before it is fully exserted from the sheath. In some varieties the spikes 
are never completely exserted. Ina study of this difficulty it was noticed 
that the emergence of the awns offered opportunity for a tangible obser- 
vation. Upon trial it was found to be a very accurate index of the stage 
of the development of the spike. With the observation as a basis, spikes 
tagged as uniform before flowering were of so nearly the same stage of 
development that, despite individual fluctuations, growth in as short 
periods as 12 hours was evident in the data for many days; and almost 
until maturity the individual variations in samples of only two spikes 
did not obscure the growth in 24-hour periods. The accuracy of the 
method and the spectacular uniformity of Idaho seasons is well shown in 
figure 2, where the percentages of moisture in kernels in the seasons of 
1916 and 1917 essentially coincide throughout the entire period of growth. 

Three or four days after the tips of the awns are visible on the earliest 
culms a large number of culms are to be found with tips visible. At 
this time the plots are carefully inspected and the requisite number of 
culms is marked. The marking is done by tying a piece of wool yarn 
about the culm. Culms are selected in which the awns are protruding 
Y% to % inch above the sheath of the uppermost leaf. A sufficient num- 
ber of culms is tagged to insure against accident. As soon as the spikes 
are partially exserted a sample is taken. This sample and the one on 
the following day usually have several florets which have not yet been 
fertilized. The samples taken in the first few days consist of three 
spikes in order to secure a greater quantity of material, but later the 
number is reduced to two per sample. In most cases only one sample is 
taken each day, but in the cases furnishing the data reported in Table I 
two samples were taken, one in the morning and one in the evening. 
The samples are taken in the field by cutting the culms near the ground. 
These culms and spikes are wrapped in a moist towel and taken to the 
laboratory. As a protection against evaporation in the laboratory the 
spikelets are removed one at a time, the remainder of the spike being 
left in the towel. To secure the data rapidly and satisfactorily two men 
work on the same sample. The kernels are taken from the florets by 
the operator of the calipers, who measures the length, lateral diameter, 
and dorsoventral diameter in tenths of millimeters and records these 
measurements. The kernels are then passed to the operator of the 
balance and weighed to tenths of milligrams. Only the kernels on a 
single side of each spike are measured and weighed individually. The 
kernels of the other side of the spike are added to those measured indi- 
vidually and weighed to obtain a larger sample. These are placed in 
small vials and dried in a water-jacket oven. The vials are then corked, 
and the material is preserved for later analysis. 
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EXPERIMENTAL MATERIAL 


Most of the data presented herein were obtained in 1917, but many 
of the graphs contain curves of the data for 1916 as well. The curves 
for 1916 are added merely for comparison and to give an idea of the 
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Fic. 2.—Graph showing percentage of moisture per kernel from date of flowering. The broken line gives 
the data for 1916, the solid line the data for 1917. 


range of annual fluctuations. The larger growth in 1916 was due, 
doubtless, to the more generous application of water in that year. The 
plots were in flower a week earlier in 1916 than in 1917 and may have 
had some advantage of season. In figure 3 the maximum and mean 
temperatures for the two years are shown. ‘These are of interest later 
in their relation to daily fluctuation. In both years the barley was 
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grown under irrigation and was watered sufficiently often to insure a 
satisfactory growth. In 1916, only one sample was taken per day, and 
no samples were taken on Sunday. In 1917, samples were taken morn- 
ing and evening, on Sundays as well as on week days; and the series 
is thus more nearly complete than in the previous year. 


DAILY INCREMENT OF VOLUME 


The data on the daily increment of volume, as shown by the increased 
length, lateral diameter, dorsoventral diameter, and wet weight of kernels, 
fall into two classes, which will be treated separately. The measurements 
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Fic. 3.—Graph showing maximum and mean daily temperatures recorded at Aberdeen, Idaho, from 
July 8 to August 4, 1916 (broken line), and from July 15 to August ro, 1918 (solid line), In both years 
these temperatures are for 26 days following flowering of Hannchen barley. 

of volume are observations immediately obtainable in the field and will 

be first reported. The chemical constituents of the kernels are deter- 

mined in the laboratory and will be referred to later. 

Table I shows the weights and measurements of the individual ker- 
nels on one side of each spike in the samples. The samples were taken 
at approximately 6 a. m. and 7 p. m. These hours marked the begin- 
ning and the end of effective sunshine. The morning samples on each 
date are on the left half of the table and evening samples on the right 
half. The florets are numbered from the base of the spike toward the 
tip, so that the figures in each column represent a spike with the base 
toward the top of the page. In the earlier samples where three spikes 
were taken, the record of one spike has been omitted from this table 
because of lack of space. While the number of data makes it difficult 
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to visualize the changes that take place from day to day, the nature 
of the individual spikes can be seen only in this table. The averages 
do not give a correct indication of the condition of a single spike. The 
variations between kernels are reduced by averages, and the difficulty 
of securing such averages is not apparent in the absence of the complete 
data. It is readily seen in the table that in instances where the spike 
is short it is often a question which kernel should be considered the 
third or the fourth. Such decisions affect the averages, and they must 
be made by some arbitrary method, since the actual number of sterile 
nodes at the base can not be used successfully as a basis. The curve of 
the kernels of a single spike usually is better than the average of two 
spikes unless the two spikes have the same number of kernels. The 
extremes of the curves are especially liable to distortion in averages. 
Of course, the curve of the growth by days is much improved by the use 
of averages. The same process that reduces the fluctuation in the 
record of a spike increases the gap between samples. 


TABLE I.—Normal growth of Hannchen barley in 12-hour periods from flowering to 
maturity, at Aberdeen, Idaho, in 1917 
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© The letter S indicates a sterile spikelet. 
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TABLE I.—Normal growth of Hannchen barley in 12-hour periods ’ eed flowering to 
maturity, at Aberdeen, Idaho, in 1917—Continue 
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TABLE I.—Normal growth of Hannchen barley in 12-hour periods from flowering to 
maturity, at Aberdeen, Idaho, in 1917—Continu 


JULY a1 








Weight of ker- 
nel on spike— 








Gm. |MmjiMm. 
© or eeeee 

—~ 8. 
+0209 
+0235 
+0250 
+0257 


K~ 
3 
; 
? 


x 
2 
: 
2 
DaaACUAROBHHO: . 


bAUAUhAUY: 


. 
. 
. 


ail 


PSPS? wy 


= 
pany 


oh 
OCoOnonnOvees 


°° 
ead ade wo 
: 


@SuUnauuereownd 


Pte rene ne ne ee ce ne ae 


PROOCPOOO MH: 
COU ewe O nw 


. 


pepeeeeeeee: 
Onewweuunn vO 
tort rt ne ee ee cece nt anes 
eFUUUs4 DOuus 
tf ot be et ee oe ge ge oe ae ge 
“Un @n @4 On Deus 








UOuUns BAD@uUsAse O 
- 


pee reeyeee: 
Us RO Banmanauw 


»e 
CUADDAuUu Qu qusekwe: 
ee 
Oe ee ee ee en 
NWO OBBWOdS QwMuN 








eres eeer re 
Amwmwmodnons @ 
preyeeyepeeee 
AwBWwOnvods eo Aw 
SerPrrr rere 
Serer eepeey 
@owvov oo wow 
yp eeoee Peeeyey 
econo o wooo wa 
Peer eeeeees 
AWW Beco se 
Ta 
oeoonroov co ow 
or nee eee ae eee 
SReanmveoovs mouse 




















PLECeeSSSoo HM 


Chr DO KH S WO 
rerrpeeeee 
cowevoooooe 


peyeeeeeere 
@evoonnnOOn wwo 


CHRO O MPHOOO Bane 
Pe eeeeeeerer 
























































402 Journal of Agricultural Research Vol. XIX, No.9 





TABLE I.—Normal growth of Hannchen barley in 12-hour periods from flowering to 
maturity, at Aberdeen, Idaho, in 1917—Continued 
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TaBLE I.—Normal growth of Hannchen barley in 12-hour periods from flowering to 
maturity, at Aberdeen, Idaho, in 1917—Continued 
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TABLE I.—Normal growth of Hannchen barley in 12-hour periods from flowering to 
maturity, at Aberdeen, Idaho, in 1917—Continued 
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TaBLE I.—Normal growth of Hannchen barley in 12-hour periods from flowering to 
maturity, at Aberdeen, Idaho, in 1917—Continued 
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TaBLE I.—Normal growth of Hannchen barley in I2-hour periods from flowering to 
maturity, at Aberdeen, Idaho, in 1917—Continued 
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The course of growth is more apparent in Table II, where the results 
have been summarized in 24-hour periods. That is, the weights and 
measurements of all the kernels on each spike of the two samples have 
been averaged and these averages placed opposite thedates. Nosummary 
was made for the data in 12-hour periods, because the daily changes 
of dimension after the first few days were too slight to be shown in so 
short a period. Growth in length in the early stages, however, is per- 
fectly apparent in 12 hours. 

TABLE II.—Average wet weight, length, lateral diameter, and dorsoventral diameter of 


kernels of Hannchen barley in 24-hour periods from flowering to maturity at Aberdeen, 
Idaho, in 1917 
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The significance of the data in Table II is, perhaps, more easily seen 
in figure 1. The most surprising feature shown by this figure is the 
remarkably rapid growth in length following fertilization. In the two 
days from the second to the fourth after fertilization, half the growth in 
length occurs. The insufficiency of 3-day intervals in sampling at this 
stage is obvious. Distinct growth is shown in 12-hour periods, and it 
is probable that consistent increase would be revealed in 6-hour periods. 
The kernel reached its maximum length by the end of 7 days in each 
year. After the peak of length is reached, there is a gradual decrease 
to maturity. This is discussed later in connection with figure 4. 

The lateral diameter exhibits its most rapid increase as soon as the 
rate of the growth in length diminishes. This increase continues until 
about the fifteenth day, after which the lateral diameter remains more 
or less stationary. The dorsoventral diameter, on the other hand, 
continues to increase almost until maturity. The increase is somewhat 
less than in the lateral diameter, there being a greater divergence in 
the growth curves at the end of the growing period than at the beginning. 
The effect of the better irrigation in 1916 is apparent throughout the 
period of growth. There is a possibility that the 1916 samples are a few 
hours farther advanced throughout the series because of differences in 
temperature or other factors at flowering time. While growth itself is 
not so easily affected, fertilization is often hastened or delayed many 
hours by conditions in the environment. 

During the early growth of the kernel the ovary tip undergoes a sym- 
pathetic development. When the kernel is first developing, the growth 
is largely in the pericarp. Some of the tissues surrounding the embryo 
sac and the ovary walls of the same region develop rapidly and are to be 
found in the ripened caryopsis. For some reason, the tissues above the 
embryo sac are temporarily stimulated, forming a body at the end of the 
kernel, which is referred to here as the ovary tip. This growth, which 
may be seen in Plates 83 and 84, is of importance because it introduces an 
error in the measurement of length. After the growth of the first few days, 
this organ remains stationary in size for a while and finally is largely 
resorbed. In figure 1 it will be seen that it was possible to measure the 
kernel proper without this tip by the fifteenth day after flowering. The 
records of lengths until that time included the ovary tip. The lateral 
and dorsoventral diameters of the ovary tip are shown in figure 4. It is 
probable that the length of the kernel proper increased somewhat after it 
had apparently reached its maximum by invading the tissues of the 
ovary tip. This tissue is probably partially responsible for the differ- 
ence of measurements in the first 15 days of the two years. A second 
factor in the error lies in the softness of the structure at the base of the 
kernel. In the early stages of growth it is exceedingly difficult to place 
the caliper bar at exactly the right point, and in 1917 the kernels may 
have been measured more closely than in 1916. The difference of the 
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two years, however, is less than 0.5 mm., so that the data coincide far 


beyond any reasonable expectation. 
The reason that errors in this connection are suggested is that it is not 


plausible that the differences in soil or water would affect the kernels by 
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Fic. 4.—Graph showing lateral and dorsoventral diameters of the ovary tip as compared with length, 
lateral diameter, and dorseventral diameter of the kernel for the 26 days following flowering in 1916, 
this time, since there obviously is no insufficiency of nutrients for this 
primary growth. These data have an incidental bearing on the value of 
observations on the length and diameter of kernels. Such observations 
are used frequently to identify varieties. In 1914, the author (2) stated 



















Aug. 2, 1920 Datly Development of Kernels of Hannchen Barley 409 





that length was more dependable than lateral diameter and that lateral 
diameter was more dependable than dorsoventral diameter in the descrip- 
tion of types. The same observations have been made, presumably, by 
many others. The growth curves confirm this opinion. The length is 
quickly attained and should vary little with season. The lateral diameter 
reaches its maximum more slowly than the length, but much sooner 
than the dorsoventral diameter, which is dependent upon conditions 
throughout the growing season for the fulfillment of its maximum pos- 
sibilities. 

As has been inferred before, the kernels at the base and the tip of the 
spike are more variable than those near the center. With the increase of 
the number of kernels on the spike those at the extremes are likely to 
suffer from competition. On any spike, if nutrition at any time becomes 
insufficient, the basal and the apical kernels are the first to be affected. 
Averages which include these kernels show greater fluctuations than 
those from which they are excluded. This variation was overcome 
partially by including in the averages no basal kernels which weighed 
less than half as much as the kernel next above. Since this does not 
entirely overcome the difficulty the average length, lateral diameter, and 
dorsoventral diameter of kernels 6, 7, and 8 are plotted im figure 5 as an 
illustration of the behavior of more typical kernels. It will be seen that 
the daily fluctuations are much reduced. 


EFFECT OF POSITION OF KERNEL ON GROWTH 


There are two main factors that affect the relative size of kernels. 
These are age and the position of the kernel on the spike. The relative 
importance of these factors varies with the stage of growth. The age of 
the kernel depends on the time of flowering. ‘The florets of a spike are 
not all fertilized on the same day. The earliest flowers usually are those 
located about two-thirds the distance from the base of the spike to the 
tip. The last to fertilize are the extreme basal and apical florets. The 
largest florets are found one-third the length of the spike from the base. 
Presumably, the kernels found in these florets receive more nourishment 
than those at the tip, especially toward the end of the growing period. 
The length of each kernel on one side of the spike is shown by days in 
figure 6. The growth is practically completed in these eight days. As 
will be seen, florets 8, 9, and 10 are the first to fertilize and to begin 
growth. By the third day these three kernels have reached their greatest 
relative advancement. After the second day there is a gradual shift in 
the peak of the curve as the basal kernels approach the others in total 
length. By the fourth day kernels 8, 9, and 10 are no longer prominent, 
and on the fifth day the curve is extremely regular. By the eighth day 
the length growth is complete and the longest kernels are the fifth and 


sixth. The curve of the eighth is thought to be more typical than that 
of the seventh. 
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The data for the lateral diameter are shown in the same way in figure 7. 
The same progress of size from the eighth, ninth, and tenth kernels 
toward the base is to be seen as was found in the length. Here also, the 
fifth and sixth kernels have exceeded the upper ones by the eighth day 
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Fic. s.—Graph showing average length of kernels 6, 7, and 8 (solid line), average lateral diameter (dotted 
line), and average dorsoventral diameter (broken line) from plot 1 in r9r7. 


after flowering. The growth in lateral diameter has been practically 
completed by the sixteenth day. The measurements after the tenth day 
are given only on alternate days, because the daily increase is so small 
that the inclusion of all days causes the lines to become confused. 





Aug. 2, 1920 Datly Development of Kernels of Hannchen Barley 411 





The dorsoventral diameter continues to increase for a longer period. 
As may be seen in figure 8, the full growth is attained on the twenty- 
third day after flowering. The greatest diameters in the early growth 
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Fic. 6.—Graph showing average length of barley kernels, including ovary tip, from flowering to near 
maximum development in plot 1in 1917. Numerals at ends of lines indicate days from flowering. 


are to be found in kernels 8, 9, and 10, as was the case in the length and 
in the lateral diameter. On the fourth, fifth, and sixth days after flower- 
ing these kernels are conspicuously in advance of the rest of the spike. 
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Again, as in the length and the lateral diameter, the kernels toward the 
base increase more rapidly. The fourth kernel never becomes as promi- 
nent as it does in the other measurements. After the growth in length 
and lateral diameter has been completed, there is a tendency toward a 
greater permanent increase in the kernels near the center of the spike. 
As a whole, the progress of kernel growth is significantly indicated by 
these three measurements. After the peak is reached there is a slight 
decrease as maturity approaches. This is especially true in the length 
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Fic. 7.—Graph showing average lateral diameter of barley kernels from flowering until near maximum 
development, plot 1, 1917. Numerals at end of lines indicate days from flowering. 












































and in the lateral diameter. This fact will be referred to again when 
the course of water content is discussed. 


COURSE BY DAYS OF DRY MATTER, WATER, NITROGEN, AND ASH IN 
THE KERNEL FROM FLOWERING TO MATURITY 


The chemical phase of the study is based on the laboratory determina- 
tions made on the same samples from which the measurements were 
secured. In 1916 the material was analyzed by Mr. Anthony. The 
analyses in 1917 were made by the Bureau of Chemistry of the United 
States Department of Agriculture. While the chemical investigations 
involved no such elaborate determinations as those of Schjerning, the 
results are parallel with those from his work and that of Wheldale. 
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Table III is a summary of the results obtained and computed on each 
spike of each sample for 1917. In each sample the material from one 
spike was used for nitrogen determinations and the material from the 
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Fic. 8.—Graph showing dorsoventral diameters of barley kernels from flowering until near maximum 
development. Numerals at ends of lines indicate days from flowering. 


other for ash determinations. In the early growth a third spike was 
sometimes added, but these third spikes are not in the summary, since 
they were not reported in Table I. Because of the limited amount of 
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material, the analyses are not always dependable. This is true especially 
for the first few days after flowering. As may be seen from the table, 
the weight of the individual kernels was greater at maturity than the 
weight of all the kernels of a spike at flowering time. In some cases 
where the analyses were obviously incorrect, the results are omitted. 
But, despite the small samples, the trend of the analyses is surprisingly 
uniform and, as the results of the two years are in such close agreement, 
the results are significant. The nitrogen determination is naturally the 
least dependable. The results in the ash determinations are more 
accurate, and there is no reason why the dry matter content should not be 
absolutely so. The dry weight, nitrogen, and ash per kernel are com- 
puted by means of the percentages secured in the whole spike. 


TABLE III.—Summary of data on weight, dry matter, water, nitrogen, and ash in indi- 
vidual spikes of Hannchen barley in 12-hour periods at Aberdeen, Idaho, in 1917 
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TaBLE III.—Summary of data on weight, dry matter , water, nitrogen, and ashin individual 
spikes of Hannchen barley in 12-hour perieds at Aberdeen, Idaho, in 1917—Continued 
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The material in Table III is summarized in Table IV. In the first 
part of Table IV the spikes of each sample are combined so as to give the 
average growth in 12-hour periods. In the second part of the table the 





416 Journal of Agricultural Research Vol. XIX, No. 9 





morning and evening averages are united to give the average growth in 
24-hour periods. While many points of interest are perfectly apparent 
in the table, it is more convenient to discuss these data under the headings 
of the separate constituents, where the results are represented graphically. 
TABLE IV.—Average percentage of dry matter and water per kernel in Hannchen barley, 
percentage of nitrogen and ash in dry matter, and actual total weight, weight of dry 
matter, water, nitrogen, and ash at 12-hour and 24-hour periods at Aberdeen, Idaho, 
in 1917 
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TABLE IV.—Average percentage of dry matter and water per kernel in Hannchen barley, 
percentage of nitrogen and ash in dry matter, and actual total weight, bea gh + A dry 
matter, water, nitrogen, and ash in 12-hour and 24-hour periods at Aberdeen, I 
in 1917—Continued 
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CHANGES IN WET WEIGHT PER KERNEL 


The trend of the wet weight is indicated in Table III and is summarized 
in Table IV. The course of development is more apparent in figure 9, 
where the growth of kernels 5, 8, and 10 is represented graphically. The 
most rapid increase occurs in the first 16 days. After this time the loss 
of water is almost equal to the increase in dry matter. The fifth, eighth, 
and tenth kernels represent different sections of the spike. The order of 
weight is reversed during the period of growth. The tenth kernel was 
the first of the three to be fertilized, and it reaches a constant weight 
some time before the fifth kernel does. 

The shift of wet weight is much more evident in figure 10, where the 
weights of all kernels are shown. The trend of development in the wet 
weight is quite parallel to that of the length, lateral diameter, and dorso- 
ventral diameter shown in figures 6, 7, and 8. The shift here proceeds 
toward the base until the fourth kernel is the heaviest, and it is only 
toward the last that the fifth and sixth kernels become the highest in 
weight. The wet weight, owing to the difference of moisture content 
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between the kernels at the base of the spike and those at the tip, is not 
an accurate indication of the storage of nutrient material. The curve 
of wet weight is quite similar to that published by Brenchley (1). The 
losses after maturity found by Brenchley were not evident at Aberdeen, 
because the sampling was not carried to the same point. Brenchley in- 
cluded the glumes in the weights, while at Aberdeen these were removed. 
As the glumes can not be removed after maturity, their removal shortens 
the period of study. On the other hand, the glumes themselves change 
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Fic. 9.—Graph showing wet weight of individual kernels 5, 8, and 10, by days, from date of flowering to 
near maturity in 1917. 

materially in character between flowering and maturity, and their elimi- 

nation removes one source of error. 


INCREASE IN DRY MATTER 


The daily growth of the kernel is summarized in the daily increment 
of dry matter. While there are gradual changes in the percentages of 
the various substances for days of the same week, the added constituents 
bear a more or less uniform relation to each other. The sum of the daily 
additions is the increase in dry matter. This increase has been so uniform 
at Aberdeen as to indicate that the plants were working very nearly at 
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their highest capacity. In figure 11 are given the dry-matter contents 
of kernels in 1916 and 1917. For the first 17 days after flowering the 
curves of the two years practically coincide. After the seventeenth day 
the rate of deposit decreases in 1917 but is maintained for several days 
in 1916. This is due, probably, to lack of sufficient water after this date 
in 1917, the effect of which is noticeable in all the results reported. The 
gain is surprisingly uniform for the most part. In each season, the 
curve is essentially a straight line from the sixth until the eighteenth 
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Fic. 10.—Graph showing average wet weights of kernels from flowering to maturity in plot 1 in 1917. 
Numerals at ends of lines indicate days from flowering. 


day. This isinteresting inits relation to the general laws of plant growth. 
In a developing plant, where the new tissue added becomes immediately 
productive of nutrient material for growth, the increase is accelerated in 
geometrical ratio. The curve of growth, in this case, can be reduced to 
a straight line in plotting by the use of logarithmic paper. In the case 
of kernel growth, by the fourth or fifth day after flowering, the maximum 
leaf and sheath surface is exposed. The plant food metabolized is 
diverted to the storage tissues of the kernel, and, since the productive 
tissues remain constant in amount, the curve of kernel growth is a 
straight line. 





420 Journal of Agricultural Research Vol. XIX, No.9 





The uniformity of the Aberdeen seasons and the accuracy of the method 
of sampling used is nowhere more evident than in figure 12. In this 
figure the dry matter per kernel is plotted in 12-hour periods. For the 
first 14 days neither the error of sampling nor the differences in rate of 
growth of individual spikes, separately or together, exceeds the growth 
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Fic. 1r.—Graph showing dry matter per kernel from date of flowering to near maturity in 1916 (dotted 
line) and in 1917 (solid line). 
in 12 hours. ‘There is an apparent reversal of the curve in the fifth and 
seventh days after flowering, but the larger of these losses is less than 
0.2 mgm., and in each case is due to the abnormalities of a few kernels 
on the spike. When this curve is plotted from the data of the more 
representative sixth, seventh, and eighth kernels, these irregularities dis- 
appear. It is only when the fourteenth day is reached that fluctuations 
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become common. After this date results are not consistent in such short 
periods as 12 hours. 

The original purpose of the 12-hour interval was to discover, if possible, 
whether or not growth occurred during the night. For this reason, the 
periods are not quite equal. The day period consisted of about 13 hours 
at the beginning. As the days grew shorter this was reduced slightly. 
This period was thought to include the hours of effective sunlight. In 
figure 13 the gains and losses for the day and night periods are indicated 
graphically. ‘The disadvantage of such presentation lies in the magnifi- 
cation of the fluctuations. For instance, the night sample of July 26 shows 
a decrease of 120 points, not because it is smaller than the sample of July 
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Fic. 12.—Graph showing dry matter per kernel at 12-hour intervals from flowering to maturity. 
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25, but because it is the same size and, therefore, no gain is registered. 
For the first 10 days after flowering the day and night gains appear to be 
nearly equal. From this time until maturity the day gain is obviously 
greater. The author has no interpretation to suggest, but there are two 
facts which may be noted. The night gains are most prominent before 
starch infiltration has become very active. The temperatures, after the 
first 10 days, are lower, the first night without gain being recorded on 
July 26, when the mean temperature first falls to 70° F. It is not known 
whether these facts have any essential relation to the results obtained or 
not. During the latter part of the growth period, the variation of 
individual spikes makes the results inconclusive. 
The significant features of the data on dry-matter content are (1) the - 

long period of daily gains following the completion of length growth, 
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which results in a straight line through a considerable portion of the curve 
when plotted, and (2) the unusual uniformity of increase which permits 
the taking of samples which show growth in 12-hour periods for two weeks 
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Fro. 13.—Graph showing dry-weight gain of kernels 6, 7, and 8 in 12-hour periods. Gain during the day 
is shown by the broken line and that during the night by the solid line. 


after flowering. ‘The curve of growth as found by Brenchley was quite 
similar to that shown in figure 11. The same straight line is apparent 
during the period of rapid starch infiltration, despite the fact that she 
took samples only every third day. The results seem to agree in a general 





Aug. 2, 1920 Daily Development of Kernels of Hannchen Barley 423 





way with those of Schjerning, but inasmuch as his samples were less 
frequently taken, close comparison is not readily made. 


CHANGES IN WATER CONTENT 


The percentage of water in the kernel is highest at flowering time, 
when over 80 per cent of the caryopsis is water. From flowering until 
maturity the percentage of water constantly decreases. At maturity 
the water content has fallen to about 40 per cent. The decrease in per- 
centage is very uniform, as may be seen in figure 2. The curves of 1916 
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Fic. 14.—Graph showing percentage of moisture in morning and evening samples of Hannchen barley 
in 1917. The average for the day is indicated by the line. The average morning determinations are 
indicated by circles, and evening determinations by crosses. 

and 1917 are essentially identical. As previously remarked, the coinci- 

dence of these curves is evidence of the exceptional opportunity 

afforded at Aberdeen for comparative studies in development. 

The loss of water in percentage is much more rapid than in the results 
obtained by Brenchley. At Aberdeen the rate is almost 2 per cent a day. 
At Rothamsted the rate during infiltration was in the neighborhood of 1 
per cent a day, although the rate was higher than this at times. 

The effect of evaporation during the day was noticeable. The morning 
sample usually showed a gain in percentage of moisture over that of the 
night before. The loss of water during the day was rapid, evidently 
exceeding the normal loss, due to the incident of growth. This extra- 
normal loss and its recovery are shown in figure 14. 
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INCREASE IN NITROGEN CONTENT 


The nitrogen determinations are the least satisfactory of the studies 
made. ‘The samples were so small that microchemical methods had to 
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Fic. 15.—Graph showing nitrogen per kernel from date of flowering in 1916 (broken line) and in r9r7 
(solid line). 

be used in the early stages of growth. While the material itself was 

probably fairly uniform, the determinations are not delicate enough to 

show a uniform progression in percentage. When the percentages are 

computed on the dry weight to obtain the milligrams of nitrogen per 
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grain, the results are much more uniform. In figure 15 is given the total 
nitrogen per kernel in both 1916 and 1917. The curves are essentially 
identical. The divergence after the seventeenth day is due to the lesser 
gain in dry matter after that time in 1917. The divergence in nitrogen 
content is about the same as in the dry matter shown in figure 11. The 
results obtained agree very closely with those of Schjerning in Denmark 
and Brenchley in England. 


INCREASE IN ASH 


The percentage of ash in the kernel decreases uniformly from flowering 
to maturity. At the time of fertilization the percentage is high, and for 
48 hours after flowering it is more than 7 per cent. The decrease in 
percentage from that time is not due to loss of ash, as may be seen in 
figure 16, but to the more rapid increase of other materials. In other 
experiments, to be reported later, it has been found that the ash content 
is in fairly close relation to the amount of water available for the use of 
the plant. The curves of the ash content of 1916 and 1917 again indicate 
that the irrigation of 1917 was insufficient. The greater growth of 1916 
has been mentioned previously; and while a part of it may have been 
due to better soil in 1916 a part was certainly due to the more generous 
irrigation of that year, coupled with the fact that the soil used in 1916 
absorbed water somewhat more readily than that used in 1917. 


PERIODS OF DEVELOPMENT 


The Hannchen barley at Aberdeen exhibits a development which is 
very uniform from year to year. This development, while steadily pro- 
gressive from flowering to maturity, varies considerably in its nature. 
The first five days after fertilization are marked by an extremely rapid 
growth in length. The kernel has reached its maximum in this respect 
by the seventh day. About the time the growth in length ceases the 
rapid gain in dry matter begins and continues for about two weeks. 
Thus the fifth or sixth day marks a change in the character of growth. 
About the ninth or tenth day a sticky substance is formed in the outer 
layers of the caryopsis, which causes the glumes to adhere thereafter to 
the developing kernel. The nature of this substance has not been 
included in this study, but its origin is evidently in the caryopsis and not 
in the glumes. This has been demonstrated in the making of hybrids. 
In this process the upper part of the florets is removed. At maturity 
the tips of the projecting kernels are often found stuck fast to the paper 
in which the spike was wrapped. The appearance of this adhesive sub- 
stance on the ninth or tenth day would seem to mark a second stage of 
development. Since the inner tissues of the kernel are very soft, it is 
difficult, from this time until the kernel has somewhat hardened, to 
remove the glumes without tearing the kernel. This hardening occurs 

183718°—20-—3 
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about the fifteenth or sixteenth day at Aberdeen. It is accompanied 
by several other phenomena as well. The lemma begins to lose its color 
in the center of the dorsal surface. The awns of the Hannchen variety, 
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Fic. 16.—Graph showing ash per kernel from date of flowering in 1916 (broken line) and in 1917 (solid line) 
and the percentage of ash in 1917 (dotted line). 


which are more or less deciduous, drop off in large numoers. The tissues 
of that part of the ovary above the embryo sac have been resorbed until 
it is possible at this stage to measure the kernel without including this 
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structure. The fifteenth or sixteenth day marks what probably is the 
most important change in the course of development. Among the inter- 
nal changes, this date coincides with the maximum water content of the 
kernel and the end of the period of most rapid increase in dry matter 
and ash. Schjerning found a drop in the soluble nitrogen present in the 
kernel at about this time. 

From the fifteenth or sixteenth day until maturity the changes are 
gradual and all in the same direction, differing only in degree. The 
only point now apparent, which might mark a change of nutrition, is to 
be found in those varieties which develop anthocyanin colors in the 
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Fic. 17.—Periods of development of the barley kernel as indicated by records during three years at 
Aberdeen, Idaho. 


external layers a few days before maturity. This is probably a very 
minor phase of metabolism, and at present it is not known to be asso- 
ciated with any vital phase of growth or maturation. The various 
external indices of internal changes are shown in figure 17. 


MORPHOLOGICAL CHANGES 


Microscopical examination of the kernel was made to determine the 
progress of the internal modifications that must accompany develop- 
ment. The starch infiltration is shown in various stages in Plates 85 to 
g1. Starch was found on the fourth day. This had increased per- 
ceptibly on the sixth day. The starch grains up to this time seemed 
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to be of a very much lower density than normal barley starch. They 
did not stain readily and were indefinite in outline. Rapid infiltration 
of starch began about the time that rapid growth of length ceased. By 
the ninth day after flowering the starch grains were of very uniform 
appearance. From this time the development was more irregular, not 
all the grains continuing to increase in size. By the fourteenth day 
small grains were apparent among the larger ones, as though new starch 
grains were forming. ‘These small grains are found in the cells from 
this time until maturity. The fifteenth and sixteenth days represent a 
period when the awns are likely to drop off. The dropping of the awns, 
apparently, coincides with the completion of a stage of starch infiltra- 
tion. From this time on, although the rate of starch deposit holds up 
fairly well, the accumulation is made by the continued development of 
only a part of the large grains and the packing of the interstices between 
the larger grains with smaller ones, rather than a uniform development 
of all grains as at first. 

The first starch was found in the older cells in the middle of the 
flanks. It is probable that new cells are added about the periphera of 
the endosperm and especially near the furrow for some time. It is 
unlikely that new cells are added to the periphera after the fifteenth 
day from flowering. The new cells added near the furrow develop in 
a way entirely comparable to the first cells of the starch endosperm. 
Such cells are shown in Plate 91. After the first two weeks the trans- 
portation of food material to the sides remote from the furrow may 
not be so readily accomplished. Here the cells last formed may remain 
nearly free from starch at maturity, although the development of the 
cell walls demonstrates that the cells are not young. 


SUMMARY 


This paper presents data showing the growth of the Hannchen 
variety of barley from flowering to maturity, taken at 12-hour intervals. 
In the early stages of development, measurable growth occurs during 
12-hour intervals, and during 24-hour intervals until near maturity. 
The period from flowering to maturity in three successive years at Aber- 
deen has been 26 days. 

Measurements were taken of the length, lateral diameter, and dorso- 
ventral diameter of the kernel. The growth immediately after flower- 
ing is so rapid that the increase in length is readily measurable at 
12-hour intervals. The length growth is completed by the seventh day, 
and as soon as the rate of growth in length decreases the lateral diameter 
shows its most rapid increase. The dorsoventral diameter continues to 
increase almost until maturity. The increase in dry matter in the 
kernel is very uniform throughout the period of growth. The percent- 
age of water decreases uniformly from flowering to maturity. During 
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growth the carbohydrates increase most rapidly and the ash least 
rapidly. 

There are several well-marked steps in development. About the fifth 
or sixth day after flowering the growth in length is checked and a rapid 
gain in dry matter begins. About the ninth or tenth day a sticky sub- 
stance is secreted, which causes the glumes to adhere to the kernel. 
About the fifteenth or sixteenth day the kernel toughens, the lemma 
begins to lose color in the dorsal surface, some of the awns drop off, 
and the kernel has reached its maximum water content. 

Maturation occurs gradually. The cells about the furrow continue 
active longer than elsewhere. The actual date when growth ceases, 
even where the external conditions are unusually uniform, as they are 
at Aberdeen, must depend on the temperature and humidity at the 
time of ripening. 
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PLATE 83 


A.—Fertilized ovary. 

B.—Kernel x day old. 
C.—Kernel 2 days old. 
D.—Kernel 3 days old. 
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PLATE 84 


A.—Kernel 4 days old. 
B.—Kernel 5 days old. 
C.—Kernel 6 days old. 
D.—Kernel at later stage of development. 














PLATE 85 
Kernel 5 days after fertilization. Starch grains are apparent. 
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PLATE 86 
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PLATE 86 


Kernel 6 days after fertilization. Starch grains have increased greatly in numbers. 








PLATE 87 


Kernel 9 days after fertilization. The cells are well filled with starch grains of 
uniform size. 
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PLATE 88 


Kernel 14 days after flowering. Both large and small starch grains are present. 








PLATE 8&9 
Kernel 20 days after fertilization, at which time growth was nearly completed. 
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PLATE 90 
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PLATE 90 


Kernel 25 days after fertilization, growth completed. 








PLATE o1 


Section of a nearly mature kernel, showing cells next the furrow. These cells 


were formed more recently than those of the main starch endosperm. 











PLATE 91 





Daily Development of Kernels of Hannchen Barley 














Journal of Agricultural Research Vol. XIX, No. 9 











DEVELOPMENT OF BARLEY KERNELS IN NORMAL 
AND CLIPPED SPIKES AND THE LIMITATIONS OF 
AWNLESS AND HOODED VARIETIES! 

By Harry V. Har.an, Agronomist in Charge of Barley Investigations, and STEPHEN 


ANTHONY, formerly Technologist in Barley Investigations, Office of Cereal Investi- 
gations, Bureau of Plant Industry, United States Department of Agriculture 


INTRODUCTION 


The studies reported in this paper were made in an effort to obtain 
some light on one of the farm problems in barley production. Among 
the farmers of the United States there is a strong prejudice against the 
growing of barley because the long, rough awns make the crop disagreeable 
to handle. The beards in barley straw and hay often cause sore mouths 
in stock. Barley straw and barley hay are also undesirable for feeding 
to sheep because the awns work into the wool. It is only the high acre 
yield in pounds of feed that has maintained the acreage of this crop, 
but this acreage is far below that which would be devoted to barlev if 
the awns were lacking. 

Certain types of barley are free from the harsh awns. One of these, the 
Nepal, produces hoods in the place of awns. This variety, under various 
names, has been more frequently introduced and more widely tested than 
any other. Many hybrids have been made and distributed. That they 
have failed to measure up to the expectations is evident in the annual 
inquiry of seedsmen as to where they can secure seed of “bald” barley. 

The only apparent explanation of the failure of the Nepal barley is the 
lack of awns. The field records of the Office of Cereal Investigations, 
extending over many years, indicate that the Nepal compares favorably 
with other varietics only in the high altitudes and in dry years in the 
northern part of the Great Plains area. As a rule, varieties of this type 
have yielded less than the awned sorts and have shattered badly. It is 
evident that the awn is an organ that is functional under most conditions, 
and especially in those sections where humid weather prevails at ripening 
time. 

Zoebl and Mikosch ? in 1892 showed that the awn of barley was an 
organ of transpiration. Schmid * in 1898 and Perlitus ‘ in 1903 elabo- 
rated the experiments of Zoebl and Mikosch. All agreed that the awn was 
an organ of transpiration and all showed the effect of its removal on both 
the rate of transpiration and the kernel. 





1 These studies were made on the Aberdeen Substation, Aberdeen, Idaho, in connection with cereal 
experiments conducted cooperatively by the Idaho Agricultural Experiment Station and the Office of 
Cereal Investigations, Bureau of Plant Industry, United States Department of Agriculture, 

* Zorst, A., and Mrkoscu, C. DIf FUNCTION DER GRANNEN DER GERSTENABRE. Jn Sitzber. K. Akad, 
Wiss. [Vienna], Math. Naturw. Cl. Bd. ror, Abt. 1, Heft 9/10, p. 1033-1060. 1892. 

*Scumip, B, BAU UND FUNKTIONEN DER GRANNEN UNSERER GETREIDEARTEN. /n Bot. Centbl., Bd. 
76, D- 39, 75, 119, 218, 305-307. 1898, 

‘ Perurrus, Ludwig. EKINFLUSS DER BEGRANNUNG AUF DIE WASSERVERDUNSTUNG DER AEHREN UND 
DIE KORNQUALITAT, 77p.,3 pl. Breslau, 1903. 
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EXPERIMENTAL METHODS AND MATERIAL 


The first experiment by the present writer was a very elementary one 
made in Minnesota in 1911. It included yield only. Plants from which 
the awns were clipped produced only 75 per cent of the yield of normal 
plants. 

In this and the later experiments, sufficient spikes of the same age 
were tagged on the same day. The method used was that described in 
an earlier paper.! The awns on half the spikes were removed even with 
the top of the upper most sheath as fast as they appeared. In clipping the 
awns it was necessary toexamine the heads each day for three or four days. 

It is apparent that mechanical injuries might result from this opera- 
tion which would affect the later growth of the spike. For this reason it 
was thought desirable to trace the growth throughout the period from . 
flowering to maturity. The number tagged was sufficient for a sample 
of two or three spikes per day from both the clipped and the normal 
plants for a period of 30 days. Ina preliminary experiment at Arlington 
Farm, Va., in May, 1915, it was found that the taking of daily samples 
was practicable. In July, 1915, a complete experiment was conducted 
with the Manchuria barley at University Faim, St. Paul, Minn., and in 
the summer of 1916 a similar experiment was conducted at Aberdeen, 
Idaho, with Hannchen barley. The weights, lengths, and diameters of 
the kernels of the samples were obtained daily. The kernels were later 
analyzed to determine the nitrogen and ash. The results from the two 
varieties will be presented separately. 

EFFECT OF REMOVING THE AWNS FROM MANCHURIA BARLEY IN 
MINNESOTA 

The Manchuria is a 6-rowed variety of barley. It is awned, a vigorous 
grower, and adapted to fairly humid climatic conditions. It cannot be 
grown in the arid districts with success. The first sample at Minnesota 
was taken on July 1, 1915; and samples were taken daily until August 7, 
with the exception of five days. This was the only study conducted in 
Minnesota. Table I shows the data obtained at St. Paul, Minn., in a 
humid district, with the variety of barley best adapted to that district. 
The samples taken in Minnesota differ from those taken at Aberdeen in 
that they consist of a single spike each day. The weights and measure- 
ments of the individual lateral and central kernels on one side of the 
spike were taken under each of the headings “weight,” “length,” etc., 
in Table I. The first column contains the weight and measurement of a 
lateral kernel, the second contains those of the central kernel, and the 
third contains those of the remaining lateral kernels at the same rachis 
node. The kernels were studied in order from the base of the spike 
upward. In the first line under each date are the data from the first 
fertile florets at the base of the spike. In the second line are the observa- 
tions on the florets at the node above. ‘The last line contains the data 
on the last fertile florets at the tip of the spike. 





1 HARLAN, HARRY V. DAILY DEVELOPMENT OF KERNELS OF HANNCHEN BARLEY FROM FLOWERING 
TO MATURITY AT ABERDEEN, IDAHO. /n Jour. Agr. Research, v. 19, no. 9, DP. 3937430. 1920. 








433 





CBOACAVGANN 

rar err ee er ee eer 
mMaMmoo foOmnw 
aaadadadaadans 
TOnMArR EDA aAAA 
eadaddadanr 
AnuneteTMNaADeE 
Aadaddaaan 
COS rODODHeKNEO 
e°rttrteres 
BHA Ora TMAH a 
Raga adadkan 
amoannunenos 
adaaddaddaaeg 
HARA ranntoen 
Sedaka dadaan 


























300 AW AH Ad wh 
Ae eka nae 
sAMKAAAN OS 
Aah hhdaa 
sQaQCroarona 
Hadad nkad 


é 
= 
& 
3 
& 
= 
s 


COO PKKRD HE 
©*e' 0 %e0 © 8 


é 





‘pu 
-Iaq 
1833 
aD) 


‘pu ‘pu 
-I2q -524 
Tese Tes2 
31 31 


athe 


















































fuymacsiog — | “22}°UIEP Tesae'T “3a 























“saqids [eULION 





183718°—20-———-4 





t Ataf 





S 
as 
SQ, 
Y 
3 

oy 

x 
> 
OC 
z 

2 
Q 

= 

3 
Nd 
Ry 

3 
% 
—~ 

iS 
~ 

X 

= 
x 
3 

X 

§ 
Q 

8 


$162 ‘“uusyy ‘ynvg ‘15 30 soyrds paddy pun joumsou us Aprangou 07 bussomoy moss dajsng oranyounyy fo sjausoy fo juamdojanaq—] a1av I, 











"WPIAs apps998 w sayeOeP UY S 59399] BU, © 





$ 


a 
n 
An 
n 
a 


. 


oomDmMaAnDnmOT 
GhHaAMAAAaK 
atToananm 
aaa hanan 
BOON AAD OD 
ese tes: 
SaootOnaan 
HOMAMA MH HA 
AAdadddadiQ 


rr es ie 
SAS AK & AD 
$e 6m es @ 


MO MDO MO OO 

POAC AANRE 
ee gee eee 

SOOO er MNUNEh 
ce eee ees 

6 

é° 
























































~ 
mMMMaAH ODO S 


AHO AnD 
aaadadanan 


2 

ad 
;MEOOOO OO + 
oeeeeeeee 


E6 

- 
SAOHHOHH AMS 
Aaadadaaakan 


"Terie 
- 





‘pu 
>. | 
[esa 
“eT 


s 
= 
3 
3 
Re 
3 
on 
3 
3 
& 
<x 
S 
: 
g 
s 


seid |g" 





















































“say UEP [83938] 























‘saqids poddy> 











WOy—S161 “uuspy ‘jnvg “4S 40 saqids pagdr? pun jousou us Ayrsngous 03 bursamoryf mosf dazsvg visnysunpy fo sjaussy fo quamdojanaq—'] Hav J, 








Aug. 2, 1920 Development of Barley Kernels in Clipped Spikes 





1-0 








1-1 














reowmoddn oO ane Ox HHH Nee HAH 
6° die *. 7 * ee ee 2 
©WOOM sm ROOOm Omanaanman aa 
ee ee ee Ce ee ee 2 2 2 
hO OND OM HOO Dm OOH H HH OM 
6A RRR’ OD ee ee ee 2 


























on tO MMM ITOH Dh 
Cr 





a) 





atoOnmo ranna 





aoowmoo0000nn 








BOoDOMHDH ONS 


HAVCTETACHEAEA AD 





AnMnoathamoo 
HSSSSSSE RRNA 








se OAnnonro wn 





ROAR mMOnrnao 


AHSSSSS HMA 





0064 
+ 0069 
+0074 
+0072 
+0072 
+0046 
+ 0030 
+0021 











+o102 
- 0085 

0088 
+0092 
- 0082 
+0079 
+0032 


+0073 








Sor tongee xs RTT hi 
PUTERET EEE Eo TOLLE 
SBeros soe ce eSszeser 
RET ERE TEE bo TEEELEeL 





+0075 


+0057 





© 0066 | o o10o | 0 0068 








© 9 | 0 0048 | 0.0078 | 0. 0052 
-8 

Fo 3 
JULY 8 


JULY 7 











1-2 
1-3 
1-2 
1-2 





1-0 
1. 
I. 
1.2 








Titra tt SBEseesse 
SESSSESsERS So5558888 
eooo$n 
6° ° f Mremeree we omaeeeeone 
a 
Onn n an oon » AHH OMA AD 
GR AAA RAK =] ee ee 
HHH AA AMaAnMaAannan 
AAA RRA RRR ee 
oononrwroonw oonanann a 
RRA RRR AR Ce ee ee] 























tTOOMMT THM: :: 
FRA RRA RAR 








Onmn nO MODO 


Mets he hoan : : 














MOODHTHHOMO =: 
Hhthnheeea :: 











3 


AAArOOHD 


i nsee 
HetteHeeHOM !: 


eTITMAXKeO MO TH 
Sends HAS HG 


TAATOO NAAN 
Ht sHAAGEGH 





+ 0055 
+0070 
+ 0069 
+0070 
+0072 
+ 0062 
+0037 
+0030 


+0057 
+ 0066 
+ 0082 
+ 0080 
+ 0059 
+ 0055 
+0026 


O- 0047 
+ 0063 








+0108 
+0123 
+0126 
+0125 
-Or16 
+0712 


+0074 
- 0038 


+ O1CO 
+OI102 
-Orro 


+ 0106 


©- 0095 
+ O100 
+ 0066 
+ 0065 
+ 0061 
+0019 

















©. 0050 | 0. 0098 | 0. 0045 


+0062 
+0073 
+0079 
- 0087 
+0081 
+ 0067 
+0037 


+0034 














© Oost 
0080 
0085 
0059 




















° 
* 


on 
va 


Vol. XIX, No. 9 
aan 
~ 
) 
HR RRR RK Ay 
bade 
BRRAD - 
ao 


aadadddddard 
aaaddaddad 


aaadad 


oe ee ee | 


BbBAAAK 


i tTMMMR RH TOW 
HONTTMMMMAM 
a 
OAH AMMAN EA 
aadaadadar 
POOnrERACN TO + 
HARK RRR AAD 
AdaddddddAg 


AO n Ow PH INO 
SS Bob KB Gd 
aaS 

COOCMDD HHO ME 
TOMO Mn NSA 
ttIhItTHMMMOO 
HmtTAmMa as 
Ana AdDOMMNA 
B06 06 od of 
nOoOMmMO NA HOO 
BHAAAAAH 
AtTOOn EO MH 
Rd dod od RA AY 


a 
CO) 









































3 
2 





SSoo- 
Sf10- 
tvio- 
glto- 
IgIo- 
SLro- 
6S10- 
ggro* 
6r10- 
6z10°0 


me) 


oe 


Ss 
gfio- 
¥g10- 
Lg10- 
6910- 
zgto- 
og10- 
zS10° 
oSto0- 
L£S10°0 


“m4 


2 AD 
“oO 
ORCC RCC RCC mt 


ae RA 


wuct~ 
66 Sky 
SbdSS + 


Aadadanagnn 
RR 


BARDS 
HRA AAR AKA 


AA ARR RRR 
hws HS SS RUS 


Aaaad 


HHH eRe 


 eelelelelelelel7;| 
WS HS RRS HOD 
SOH MMA HA AO 
s;MMMPMH THM MO 
smAWOHAGCACO 


& 
= 
& 
= 
iS 
= 
& 
= 
SBOMAMMMA DAD 
& " 
z 
eoo000nR0 Or 
& 
= 
& 
= 


; Toman TOMO O 
SAMAADAMKROKnR STH 
sO STO TH MAO w 


& 
& 
= 
ay Wo cS ee 
oa 


sOmatetano 
6s 


SOMA He 


Sond dane 


gvauun 


N 











| 
‘pu ‘jeu | ‘au ‘ ‘pu | ° : ‘lau | ‘Pu ‘pu . ‘au 
-3aq | -J94 -12y | -124 “Py -324 “oq | -3ay | -1y | -1y | -s2y | -10y “334 
yes | yes yesa | yes3 1e33 183 [e312 | 1833 [ea [ea yex3 
-“3T | aD “3e'T | -uad ta) “aD hae 6 “Bad | 381 | 381 | “te 02D 


S 
= 
& 
sy 
S 

Re 

3 
= 
= 
3 

= 
S 

<x 

— 
Ss 

~ 
: 
5 
= 
























































yespunsenioci “Ja JaUIVIP [1930] “y)3u2’] “W43IIM yuneeneennly “soOMAETP [¥I19}eT "4yyue’] WPM 























‘saqids peddy> “samids [euLi0N 








or Ataf 





"MOQ—SIOI “uuspy ‘nog 15 30 sayrds paddy? pun jomsou ur Aprunzou of bursamoyf mors hasng viunysunyy fo sjausoy fo puamdojanaq—'] wav J, 





437 





n 
On 


Ss 
Lic0o- 
Lofo- 
1zfo- 
fzfo- 
tcfo- 
¥1fo- 
f6c0- 
vero oO 


~2 
n 


aaadddaan 


an 
ao OD NOH 
SOS HHS 


al 


FAMAAAA AAD 


aa Aaraanea 


AAAAAAAA 
COACH HOH nH 
HAA AAMARA AH 


Haddad knoe 


Coa MAW 
mmmoan 000 
AARDWDIO ADD 
BRR AHH KAD 
preoan Ow 
OTTOMAN AD 
conananan 
QAnronenn 

BS KAAADHDH 
-eMmooonMH 
SHAAAAA AD 
Quen emowod 
Ha adadadk ana 
BOON TO nHKO 
Radda ang 
MOAR ADD 
HAAAAAAADD 
Oo, AAMA OMA 
ALAAMAMAG 
a2ono tere 
BSBAAAAAAADH 


or 
ba 















































vr atof 





AAMAMMAMMAAG 
a 


Pe a) 
HMeaeadaagdad 





mooeo Aacanm 
omrO MMO » 
CAnH Maem 
Cr 


Qe 


TA MME OO TO 
aaaaaaaada 


ce) 


MPrHDWnwWQaodoo 
AHA ARR 
AaAnxaanmodd 
HR aaKA Aaa 
TOADDHDDMOM 
ee ee ee 
MEEDBWADAIHS 
adaadaawmad 
An Omamnoon 
MOHD ANDHDHO O 
aaadaadaaadaad 
Qnmanmnawten ane 
BBAAAAAAGA dod 
MME AO HINO MOO 
6 bad Aad AAA Hod 
rmODM MMO HO + 
re ee 2 2) 
ORR ROO AO m 
ee ee ee 
wCoAGCKrAnKrOA 
aamaadaaada 



































Sdaaadadaaaad a 


<_> 


rAaArDorunmMuNMNMNO 


—— 


mwMunentuen + 


‘- 
—— 
TOOSOHHrErOrOM © 


_— 


hOAWDDWOW AD AO 
"n 


aang 


von oe dd GD 


Aaadaddaadadnn 


AAAAAAAAaa A 
aaa 


bo oS ob ob va wa ob od ou os 
Oo Ged ob 0d ob ob wb Od ne 
RC RCRC RCE RC a 
mMantMounnme sta © 
wo mo own 
os 05 0d oO) 00 08 
Onn ronne 
Hoh a ob od od ws oD 
BO rOrOCO 
aamnm wna 
n 
ne TMeOtre 
Orerernrr, 
seottann es 
SHBARAADH 





























CMD HEKHAKGDANM © 


















































o 
SS) 
r& 
&, 
Y) 
Ss 
sy 
ay 
my 
S 
Oo 
= 
= 
2 
: 
+S) 
ns 
= 
~ 
_ 
8 
ina} 
— 
°S 
= 
oy 
So 
Sd 
S 
Q 
g 
2 
: 
< 





H 





AMAAAMAAA AY 


Vol. XIX, No. 9 
MDAMAAAMAH 


. 


eCOnmna oon 
HHT A a dy 
onterrtoOnn 
aadadaaad aD 
@ononnoa 
Neuadd adaiD 
OoOamanono 
D ern en en cn oD 
aenorotnua 
AAMAAAA HAD 
on etmwemoo 
HMAAAA AA AY 
COHAN HOM 
NEADAADAAAH 
AAdadat any 
werhtununuNdH 
AAA AdaAaaDH 
OMOMammea 
Aaa dad dang 
Arr emneaaew 
TMAMAMAMAH 
TOCMHOD eH 
Ommamtnma 


























2 
2 





1 


an 
g°tFanro tae 0 


awn 
aad 


s 
adadaaaak w 
Gdaaadadaadad w 
AAAMAAAAAG GQ 
AMAAMAAMAAMA YD 
AAMMAAM AQ FD 


soOanagoaanamHo 
Gndadadaad 
aAadadaaaadanek 
y Per ardaaaaa 
SOHH MMA HH mH 
gi raaaaaas 
g7eenresse 
BBAAAAA AD y, 
5 

;TMNaAaaenmna 
5 

5 

,ouwnuMnMOo Mra 
gore rf ee 
3 


F 
= 


ger NOME TOD w 

Be eresadadd 
eoonneton 
BAAAAAG 


~LC HM MOMOOMD ° 
» alaliali lalate ro] 


gums AMOMA RH 


= 








‘pu ‘pu 
-32y | -10q | -19q 524 “ay | -52q | -12q 324 
pesa | 7233 | pea 1833 yesa | yes3 | peso 

WT | 2D | 381 “wad 3eT | 2D | 381 a) 


pu | au | yea 


























3 
= 
S 
S 

me 

3 
3 

£ 

= 

> 
= 
s 

Sy 





























“JPPUIVIP [¥19zC'T “yu ‘ : . *JaUIVIP [¥19}v'] “W73u2] 























“samds paddy “samids [SULION 








Sx x1nf 





"M0g—S 161 ‘-uutpy ‘tnvg “1S 30 saytds paddy puv yomsou ut Agranzous 04 bursamozf morf hazsvg vianyounyy fo sjausoy fo yuamdojanaq—'| A1aVL, 








Aug. 1, 1920 Development of Barley Kernels in Clipped Spikes 





439 





JULY 17 





anmuwunewrtaae 
agcadadaaad’ 


Aacmtmennenn 





tOOCoCORnRNN: 


Oaounerene ns 
aadgaddaaaaaaD 





tTanno st ma: 


adaddadaBan : 





an munetmanma oO 





twoudrto tes 


AAMAAMAMMAMN SMH 





On tua ronwtds 





CACM RAnRHRHY: 
AATMAMAAMM : 








wHotnNO MO: 








RHO tTTaAmMe : 
BHAAAAAAS - 





ann ograa anne 


BHBAAADAAAAN 






































eoacwtrnnn - womMmanacoaenh 
a6999898¢ : #oddd89938 5m 
otmume an: wrRMNNaA Monae 
AS AAAAN AG : NSBHAAAAAAAN 
SS5S55538 : ese zee gece 
S33aassse: S3Ssssss3s su 
got t ttt gc settee 
e2onmrarme : Ox nO NO MOaAmh 
— wMnro . - “wy AaMranw 
SESE SEee3 : SIZ3SSESSs oO 
Sct ttt sce tet eee 
ALone ap: $3 5595323 
aw td . weoaw id oa 
Ba 373 fo 93 | as seistatezo 
i ea pide i ee di 
amnuMunewnne on someruncunmn 


aaaaaaaagn 


JULY 19 


AAKAKAAAAAD : 





HOD MNO HHH 
aaddaddd aad ag 





Ooneunwuand 
aaadadadaaag 





Mo Aro ranrnra 





matemnounnnmn 
AAAAAARAAAD - 





ooomonrtnd 
AAAAAAAMAD 





AORN NOH 
AMAAAAAAAY 





ortnuc tmmo 











Pe ee 
BAAAAAHAS ON 














oomecuwmona 
AMMAAMAAAA : 





wwmowWAaoanraco - 
AMTAMTAMAOM : 





aanouneoandnnoa 
AAAAAAMAMAD : 


JULY 20 


omuMahawna 


























MOD ACTH HOE 


SREGKAADAD 

















rOMEn EHO A 


Aaacdaaadag 





mame tO Ha 


Adda daa ang 





“we O MME HO O 





MEDBDAGCHrAND YS 


AMAATAMAAAD 





teen OO RON 
AMAAAAMAAN 

















Banmnaeonrronra . 
BHAAAAAAAAN : 












































T823S53R% SBVoeasaess : SERSTSSSS 
333939375 30 Seeeee ee ise: BESS TETE bo 
ah hi bl 3 Sseeee sree BESISTTS 
SSSVVSe35 Stasasgzess : SBEISBSeL2 
SeSeeses sn 3 SSE 298 S43 bo | 83592993 30 
ah ie had singer ss eeeeteese 
aann muna 0 ga gscear Ps Beeoveoecs 
oe a i] is may 2 aan 
8333333330 35382293 bo : sseessss ee 
ALLS 3st eerecreee: SSSTSSSS 
































on 
nn 
~ 
aN 
” 
an 


177) 


aadadadaa 


Vol. XIX, No.9 
_ 
ou 
an 


. 


Ahad wmadhadadg 
ooo 

22 &aaANM HAD 

ta AN 

Om 

Qn ARAM + ON 
oro 

2QNADAN BAN 


AAA MM 
HATE TEMG 


MO MED ACH 
aaadadadadada 
AAA AAAAAG 
MMO rm HDO HY 

MOOD AO OO 
AMAAMSEM AM 
BON H OO AAD 
Ornonanren 

MAMTA OW 
TKK NMNeDan 
BHAAAAAAH 


Kad dd Amigng ig 
BSAAAAAAANN dW 


THO rm oon 
OonEeaQnowno 
COMDAD OND 
TOOMN HAAN 
ATS seaHe 
ae Oaanwaoanm 
MOMKDC OHHH 






































s 





~ aM 
n 


aaaaaaaaad 


rt SAN 
Raga aaaaan 


Ferrara 
TOC m MEO w-00 


NS ABAAA AHH 
AAA AA AAAND 


BMA Aadadaan 


NAOT TOON 
SHAAAAAAAAD 


AMAMMAMMM MAD 
AMASTH EM HANN 


ameroound 
HIM AA Addy” 
eMMoe tO 
NaadaaaadD 
Maron now 
BP PAH mae mAM 
WMNMNO TOO moO 
TAMMAM HAO 
SHSAAAAAAAAN 


* 


OMNES AD HO 
aSmAaanwmOAa0ew 
5 
eTTOMamnenm 
End dod ded 
SME EO On HO 
5 
g A228 Pe mMnmns 
g Cte Ree me 
[O00 AO AD 
SOA MODE nH 
§ POP Com ae 
5 


§ 
= 
: 
5 
§ 
3 
: 





| 


E 


‘jou 
-124 
yes2 
3eT 


<= 
5 
g 
Re 
3 
E 
<x 
> 
: 
3 
— 





















































*Ja}VUTVIP Jes33e’T 























*saqids peddiy a 








re Atof£ 





"WOQ—S16r “uuspy ‘ynvg “1S 40 sayids paddy? puv youmsou ut Ajrunpou of bursamozf moss Aaysvg vianyouoypy fo sjausay fo yuaumdojanaq— |} AIAVY, 








Aug. 2, 1920 Development of Barley Kernels in Clipped Spikes 





441 





JULY 23 





hi ml tm, - 
GAaddgaaa: 


munetroununne 


HAAG AAA AAD | 


2.1 
2.2 
2 
2 
2 
2 
2 
a. 

Ss 





TMuMe Kroon nrnr 


aaaadaaad 





| 
MOO OO AW AN 


aAgcamaaaa aD 





maomnun tn 
aaadadaad 





TI4MMNMNeE MMH 
aadaaaaaadaD 





“stant mtO - 
AMM AD Here? 





aoneuwounenr™m 
Dram ma 


amannadca 
AAAAA MEAD 





OO NOOO HO Rn 
AMAMAMEAM 





TOMO AADHH 
ATHEMATEDD 


rmeoonoon 
AAEM ABEDD 





atHOn MM MO 
AMAAM MMA 





Manne To” 


06 06 06 06 05 Y) of ob od 





mMroornotem 
AMAAMAAAAH AY 


To Ff CONN 
AAA MAA AD 





eon Aaonmun 
SHHodAAAA AY 


= MeO ™ oa 


onmm 
Sbdds AA ADH 








OMT MO OO 
BSAAAAAAAN 








motrnomotan 
SHH AAgAAAAOYH 


t2 + COMM 
SHAHN AAADH 


























S228 Bee: Iggesege eggeseer 
SESSSMESS : 538 833950 iti 
serge ere : SESSTISS SSSTESS 
SPECS RR TE: SSSZLISZS SISSRIES 
SFISSSSRS : See e Sees fu PeeR RTs Ro 
STS STE RS : eeeeeeere SRST SSS 
SEEMS : S5SS5oses S59 esse 
Se8ssaaae : SSFSSS3s 50 BFon THs on 
eeeeeeeee sy |G SSSSS - | Faeeeees 
i) a 
tT41nre eo eo > awa no nro €0 > -nreano eu 
aaa aadddnn 3 AAAAKMAAAD 3 aaah adann 








MOD MOWDO 


anaaaaadaag 


DOAD AC HH 


Saad aaan 








2 


muMMnwmo < 
Terrien ri) 








noMAMOOO ¢ 
AMAAA ADAH HD 








TrRROHO ORS 
AMAAATEED AD 








i mMMNOo MON” 
SH AMAM MAH AD 








oonman toot 
dds FON 


8.9 
85 
93 
9- 
8. 
9 
9. 
$s 
Ss 






































aenroon wor no oroanmnuvnrowd aoonwooa 
dds SSS Se dads 485560 BOARS 6 ON 
roonrawnceo eu ‘on oowtoos 7 oo ~ 
BARAAAAAAD -ADADHAAAN 66d DAN AW 
ws se ucen S8S3SR59 3 SE eSS 3 
Conhwyw ”* MAD * ° ee 
S33SSF3Fa0 BEesaeessa FHSS FF S00 
ee eees ee eeege ease SeSe ess 
Seis ee gereees 55222233 
SSSSSSS ees T3S3HSS Soa SESSS FE Sn 
eeeee ee ess SSeS TESTS eeeyeeee 
SLaSseSee ‘SPBSLELE $3328 $3 
seeeee Rega ‘Besse 33s" BESTS Ss gM 
Seer eee ee Bese se se Sees eo ee 























177) 


aaadmadad 


Vol. XIX, No.9 


Namanaanat 
sootrtuunde 
Nananaanan 
eto OH Mm 
Cheb ob ob ob Bob crab cn 
roOoOmMHOomo 
NbdADAAD ON 
tTreoaran 
Nddad ag AS aN 
orreaeavo 
Hataaaaann 
mao rooroo 
AAAAMAMAADAN 
mMroroerannm 
NAAAMAAmaND 
HOOD OOnRMnm 
MAAABEMA ON 
aaeanacwmown 
£06 06 06 0d drad 05 od 12 


Danan 





NHadtddaaaaD 
aHOmMmntO 












































5 





OD 


amaD 
AdaaaaaaaD 
TAAAMATAD 
+752 
AAD 
wVrEaaoagn 
BO od Acdod Ad 
anornoan ma 
Bb ddGAAADH 
GAddamaaan 
kwOOrOaAaa 
RrammAAMA HAD 
SMP PORE ERO a 
Gaddgdddaadan 
; Mo rMo nO Om 
AMMAMREMSEADN 
4 ee NOM mM Hm 
HRP tT E+E OD 
{; TOD ErODH nH 
AAAA AMA 
SMPAan Ota 
SHBAAAAARH 


& 

3 

3 
8 
5 
& 
3 
tS 
: 
& 
3 
ty 


5 

g* 

=° 
sTOWOMAOWO 
5 0000000 00 BH 


gm0 ano 
_erore 


ys awan 
:00 





‘pu | - ‘pu 
“124 -124 

-19y | -20y | -12q 

a ay yes2 yese Tes 

“FT | -B2D | -38'T WT TI 


‘pu | pa] ‘yaa 





= 
N 
3 
S 
R 
& 
= 
> 
3 
& 


















































‘JaJOUII [eI9zv'] ‘ , ; ; ‘saVUIEIP [esI9ze'] 























“saqids peddy5 “saqids [euLION 








fe x10f 





“woQ—S161 ‘uur ‘7nvg “1S 30 sayids pagdya puv pousou ut Aprsnjou 07 bursamoyl wmosf dajavg viunyouoyy fo sjousay fo yuamdojanaq— | HIaV J, 











Aug. 2,19:0 Development of Barley Kernels in Clipped Spikes 





443 





JULY 29 


a TtrTo oO 


watnOa Onn 


AnaewdnwD avo 


HHeraaaa any 





TO ADAH mO MO 
adadamaadadaa 


MMErrwoQagnn + 





trod 
aadae 


2.0 
2.3 


n 





OaHanrnen 
Gada aA ANDG 





BOO rD OR RHE 


AMR OAH OHO 
AMAEHEBEWA 





ontooma:s 


Haaaraand on 


HAAMAARINDN 





OH Cann TO 
Bb ddd AASIINN 


COMO aan a 
BGG Go AA AH 








mwnon reoanaande 


tad 
db dS O655S OD 





ewrnownrd 0 


D Reb ob dob d FS oben 


TORN THR AO 
KGa GAAKS SD 








Oaunetona 
NGS Ad HNN 

















25S RSRER SIBRISIE S355 784 
§33393 3 Suan S339 S899 bn QSESSI SS Ina 

ones & rnme oO une a w “oO “ ovr 
BSSSSSES IED SFTSSS ESSA : BST ESTES SID 
we ne eS ww fd »oa wo mae ao maemn 
neo c) BS 8 oa ol . £5383 = 
os eeee eed ga nb3aeeeea0 ossesssss gn 

2, é ry 6 

“ror On as > oweoroann » e770 A054 OD 
aad aaaNaan B Haadanaansana B aanmananaaaD 

BPrOKAMAOAD nee eam O HO 


ARATE AAAA AD 





AMMOOHDN AOS 
aaadadadaan 





0 tO nO Om 
Hamaaanenann 


arr oorarsd 
AAATMAAMAN - 





HAETETESTINA 


MEOaoatnn ns 
MAMSTTETETSEOND 


MDH MMO HOO 
ARTTETITENM - 





tT PAAAM w 
ON AMAA AD ON 


omnunetouranoso 
AAAMAMAMA MN 


t- 70 OM re Oo 





oorace on 
Bob oicd AN dod” 


moaan ton 
Hs sid AAAANH 





oO wea et 
BaaKHAS S 

















anda doandn Bb dddd ddd Gbdd ddodan 
SHEL. | | oHHG. | | HHT 
HEMloo || | HHTENG | | {HEHIT- 
SoRRNGofo:| | THREE | | $93894172- 


























Vol. XIX, No. 9 


mMMMMAO 
addaddd aa dD 
Aad da ANA ALD 

Me MMO O 

arama AD 


conmanm Ont 


anm 
“at 
aaer 








AArmAAAA AMMAN 








aAtmuneca 
BSAAAARN 


ont 
0d of 











“w+teo 
Bb ob AA ANE & RUD 


onawmoown 





SOOO rwo 
Sdd hed dadan 
On mata ton 
DAMA DAA MAY 
MAAN OAn mH 
AA aad Mdm aND 
Craatenmon 
AAA MASA 














SbdHHAKANH 


MAMACETEND 
eTOAn a am 


“O00 000 m 
MO ™O0 Mm OO 
68S dod AAO 























- eooanenta 
EP IP mad daaAAD 
MPTOKAKHRO MH AD 
Hadar adaaanaVW 

atyuMnrn OA mMO 
SP rrmamseesae 


. TMUMErDH MAMA 
EQrddddamranrdg 


= 
E 


a 


E 
= 
E 





‘pu 
-124 
[esa 
wT 


re 
a 
8 
2 
LS 
< 
3 
= 
E 
S 
<x 
— 
i) 
3 
= 
= 
s 
= 











onorta ena 


E n 
BP OP aneseeeah 


| 
| 


‘pu 
-124 
ye23 

-u2a 


MURAATM A MO 
HAAAAMAMETEDD 





© TMOMCOOOS 
NbHSAdHAAAAAN 


g 
= 
E 


CoM ooM MOON 
Nbddb HAD AAA 


+ 


Petts eee 
aAMMMMAMA OD 
GT AMAAM MAAN 
; MCOnRAamMoad 

HA mMamaaa an 
AMABESTEDADN 


sAmMammwMenrso 


& 
= 
& 
= 
& 
= 
gTemeoeore 
= 


sO Meme 
HEESEESEETIN 


& 
= 


mO Tom HOO 
HAAMtEMMAN 


é 
- 





jou 
“124 
jese 
31 














‘pu 
“By 
yes 
“I 


seid 











ved 
1e33 
-uaD 





"pa 
“324 
jes2 
eT 




















“sayaUIVIp [es93e"] 











“S2yVUTETP [eI99e'] 











“seqids peddyD 





“saqids [euLION 








© 1sa900V 





“woy—S161 ‘-uurpy ‘jnvg “1S 40 sayrds paddy? pun pousou us Ayssngous 03 bussamoyf wmosf hosvg viunyouopy fo sjausay fo quamdojaaaq—"{ AIaVI, 





Aug. 2, 1920 Development of Barley Kernels in Clipped Spikes 





445 





AUGUST 5 





atworom © 


Adda adddg dg 


HO MPM MMH o 
Gidddddddy 





WAAAMAD 
aaa daa aD gD 





TMH Ow EME 
aaah aNaa dD 





mano ta 6 
aaa ad dAND gn 





seOntnanrunn 
adadadadadd aD 


an etme 
Had iadd da aD 





Ha ate MT CO 





aeaeon tunnna 
GA mAAmarAD 


RASS amano 
Ce 





Trardar = 
HAMA MH AD GD 





Se THM nraoag 


amonon mee 
MAGA AD HH AD 





OoOnamero 6 
AAAA HAND oN 





BDONAINMH w 
AA AAA HAMAD 


MA Raa OM 
AG Lama maaM 








AATH AAA 
& hada odd dQ aN 


MOWMANOWD OM 
BARS dod dD 





Anmmn Mma a 


BH AAAAGM SN 





COnta nace 
BADAAAAAAN 





HOMO TE bd 


6 Kobo ao HNN 





eoangotmrnone 
6 Kb dod od od od oY? 














AAI AMAAAAND - 





eM EnTuNwWa 








MMO O ODD : 
HAAMEDONM : 





Antaaanao 


HMEPTSTESED - 





HOD AAD HE 


AAMAMAMAN + 











Aowoa a Ad 


Bid Added aN : 


AUGUST 6 














kTMSoOMDSO ao 
Nadaadanan 





MROACA OM 
Gaddaar manaan 





amMno nonce 
Aaddddadag 








aMonnon te 
AAAAA MON Am 





2omtmowno 


THAAMAMMAAAN 





Anmowro 
D Sd dada HY 





ooo un ne 


dod of HAOD HSN 


AUGUST 7 


Oe gg hunas 
BG HS 0b dob of od 





PROaAmM PAO 
Bb Ad aN AAaN 





Are aro tnw 


5b Fob 08 08 06 06 08 00 





- 0286 
Dis. 

+0340 
+0377 
+0347 
+0338 
e 3s 

















daddnddag : 





Meanmonrodn 
Addaaaman: 





tHe BRD O Hw 
Sddaddaadawm - 





mane “ue . 
AADAN HH AN * 





MOOAM0O¢ 
AAMMASE AD : 





om nmttnMH 
AAAMAAA AM : 





nOSoM now : 
KGS SN SHSM : 





Qua nnoves ° 
Bb AAAAAAD : 





CHmroomnn 
Bb dada dod dd 


OotnMmawmom + 
Bb dodcdicd AW 



































Legsses S222R =F sgee ace : 
itt tb er a 8839 $a ga 935309390 : 
m™rQoeoamn ESese ss $4523 2% : 
SS Er Ee 33 FRE Go B90 BE TEESE fo | 
é wane ” SI2nRR5 : 
eeeee seo 3 etsi toe 











































Vol. XIX, No. 9 


Journal of Agricultural Research 





The use of a single spike and the great change of climatic conditions 
from day to day in Minnesota resulted in a much less uniform trend to 


the results than was the case with the Hannchen barley previously 


reported. A sample should consist of more than one spike; but, 


entirely aside from the smallness of the sample, Minnesota is not a 
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TABLE II.—A verage wet weight, length, lateral diameter, and dorsoventral diameter of kernels 
from normal and clipped spikes of Manchuria barley at St. Paul, Minn., in 1915 
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TABLE II.—Average net weight, length, lateral diameter, and dorsoventral diameter of 
kernels from normal and clipped spikes of Manchuria barley at St. Paul, Minn., in 
1915—Continued 


CLIPPED SPIKES 





Wet weight. Length. 





Central kernel. 
Lateral kernel. 
Central kernel. 


Average. 


Lateral kernel. 
Central kernel 





5 Lateral kernel. 


AOS AMWOCCS WDOAKNSW HO HWW HWY DH Hw SF 
5 Average. 


2 
Ap whe OS Kw 


= 
3 
= 
3 
= 
3 
5 
3 
: 


er Lateral kernel. 


.98 


.2 5 Lateral kernel. 


RW Oh ONS DAUM YH HHO WW O DAW S Has G 
° 25 Average. 
o 3 


a ek ee eo Saaue OuUUstwn Our ooneunn 


eo Peeves 
Qevrnurkans © 


@SBoundanau 
Sy ovEyye 


RaSenovrn 
Sy Oeeeress 
Cr 


ee 
SESSsenenn 


2 
od 
WTO DU ABA WO DOWN | 


w ww se» 
SRESSASSACS BS 
SSSRRS 
PORE PROV ELEY SI ANEYDED 


aan @eewrnr xan 
RSLGASSS SSS SS SE SS use yy 
vues 
Paes 
eoounn 


w 
7 

ew Oe DONUTS IS DSU AUS DR OOH HS 
% 9 


SESTESIS 


AAroavnwoovnvn 
- 
ever oeooeooereeoers 


er. 


SUDR OU BUSwMH AFOSWSSH OOO DHwWHO OW: 








9 
2 
9 
I 
4 
° 
7 
6 
7 
8 


32.2 | 3 


OO’ CH OWS OM DA OUWSS HO BIH OBA SH 


ReUhOwn FS eeunsss 
GP GP 3 GOD GOO GO FOG GO LO HIO O w 
Sees HK OAM AWN SOOUNHH 


43- 
48. 
36. 
37- 
49. 
44. 
56. 
33- 
40. 
38 


“ ww uuUna 
FOS LESS 
ee! 
RAS 
9° 99 90.921 90 G0 ge 
eer Qrauw 


aw 





























ADH ON OU DOW OHO OIE BH HANH DEAN WO F 
@erurnroeounst BW OUUw @rwernwonrnoOemawwowd es 


SOSGROSEOReEO Ree eeeeeereeonrn 
SESESE SESE EeEEeeeeeeeereennnnnn 
SESEE SSS ee ee eee eeeoeeorerennnn 
PPP PPP EPP EPP ESP Pee ere, oS 
Swe OUDnsewUwsuUueownwesr Ooo @mornvnowvdna@ 
PPP rere reer eeeer PEEP Een nnn D 
SWOW HWOWAOABAWOS AMOS HH HINER HO HD 
PEP SP EPP PEPE PEEP PPP EERO oe 
BRK KSWKHHSHKRRHKKHHH KKK KR HH He 

72s TRPrTTrrrrrerrersee es 8 


SEE EE EEE EEEeeeeeeooseeerannn, 




















In both the tables and the figures it is apparent that fertilization did 
not occur until about July 5; therefore, the measurements and weights 
before that date are of the ovary. Six-rowed barleys do not flower so 
uniformly as 2-rowed barleys. The central florets flower before the lateral 
ones. For this.reason the curve of growth is less abrupt at the beginning 
than is the case with the 2-rowed varieties. Even with the prolonged 
period of flowering the length increases very rapidly after fertilization, as 
may be seen in figure 1. 

The effect of the clipping is evident in both figure 1 and figure 2. 
Although there is little difference in length near maturity, the lateraj 
diameters and the dorsoventral diameters of the kernels from clipped 
spikes are noticeably smaller than those of normal spikes. The difference 
is even more conspicuous in the wet weights per kernel. The question of 
mechanical injury from clipping is answered by a study of the growth by 
days. Thereisnosuchinjury. For two weeks after clipping, the kernels 
in the clipped spikes develop as rapidly in size and weight as do those in 
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normal spikes. The graphs of wet weights per kernel coincide essentially 
until the fourteenth day. after the experiment started. If there were a 
mechanical injury it would probably most seriously affect the kernel 
immediately after the injury. 

After the fourteenth day the kernels in the normal spikes increase 
more rapidly in weight and size than do those in the clipped spikes. On 
only two days after July 14 do the clipped spikes exceed the normal ones, 
and these excesses are unquestionably due to the error of sampling which 
comes from the use of a single spike for this purpose. 

The difference in rate of development begins to be noticeable about 
the time that the growth in length is completed. This coincides roughly 
with the beginning of the period of rapid starch infiltration. Whether 


00%. 
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Mar AVEUST 


Fic. 1.—Graph showing growth in length, lateral diameter, and dorsoventral diameter of kernels of Man- 
churia barley in normal and clipped spikes. 
this indicates a loss, in the clipped spikes, of the photosynthetic products 
of the awn, as well as lower transpiration, as indicated by Zoebl and 
Mikosch, is not shown by the data. At first the difference is more 
apparent in the weights than in the dimensions. After the twenty- 
seventh day from the beginning of the experiment the lateral diameter of 
the kernels from the clipped spikes begins to decrease. This is probably 
due to the rate of loss of water in maturation, which here exceeds the 
rate of deposit of dry matter. In the normal spikes the two changes 
about balance each other so far as their effect on the lateral diameter 
is concerned. The dorsoventral diameter continues to increase until 
full maturity in the normal spikes, while it is slightly less than main- 
tained by the clipped spikes in the latter days. At the very last the ker- 
nels in the clipped spikes ripen faster than those in he normal spikes. 
This is apparent in both figure 2 and figure 3. 
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Fic. #.—Graph showing wet weight of kernels of Matichuria barley from normal and clipped spikes. 
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Fic. 3.—Graph showing dry matter in kernels of Manchuria barley from normal and clipped spikes. 
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The nitrogen, ash, and water were determined in all samples. Inas- 
much as the glumes were removed, the difference between the total of 
these substances and the dry weight would approximate the sum of the 
carbohydrates and fats. This calculation has not been made. Its trend 
would be similar to that of the dry weight. The results of the analyses 


AOCEST 


Fic. 4.—Graph showing total ash in kernels of Manchuria barley from normal and clipped spikes. 
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are given in Table III. The cause of the addition or loss of each sub- 
stance determined is evident in the tables. Comparisons, however, are 
much more easily made in figures 3, 4, 5, and 6. 

The graph of the dry weight is quite similar to that of the wet weight. 
In each case there is a marked reduction of the rate of growth of the 
kernels from clipped spikes in the latter half of the period of growth. 
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Fis. 5.—Graph showing total nitrogen in kernels of Manchuria barley from normal and clipped spikes. 
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Fic. 6.—Graph showing water in kernels of Manchuria barley from normal and clipped spikes. 
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TABLE III.—Average percentage and weight per kernel of dry matter, water, nitrogen, 


and ash in kernels from normal and chipped spikes of 


Minn., in 1915 


NORMAL SPIKES 


‘anchuria barley at St. Paul, 

























































Wet ater 
Date. Pry Water. | Nitrogen. Ash. wer he — 4 
' Tee kernel. kernel. 
Per cent. | Per cent..| Per cent: | Per cent. | Mgm. Mom. Mom. 
July 1| 22. 77. 12 5-93] 17.02 1.0 0.8 0. 03 
ie Se, A Pp “ee vee & 1.3 i (8 a8 aR Gal sop i pag: 
cere ee BS ee 7.33 1.4 4.2 - 02 
. sie 2d A Oe CK COO 8. 93. 21 1.6 - 04 
7| 1812] 81.88 I. 51 5. 40 7-4 6.1 -07 
8] 19.08] 80.92 I. 31 5. 60 6.9 5.6 -07 
g| 18.36] 81.64 2. 80 5-07 7.8 6.4 07 
1o| 19.27] 80.73 2. 70 4-37 | 11.9 9. 6 10 
IZ |) 92.99,| | 79.92 2. 32 4.24] 17.9 13.8 -17 
12| 24.16] 75.84 2. 28 3-38 | 22.5 171 -18 
13 25-99 74. O1 3-10 S461. 20, 6 18.9 23 
14 | 28.5 71. 42 1. 54 2.94] 35.0 25.0 +29 
15 | 30.15] 69.85 2. 30 3-15) 4a8 29.9 - 41 
16 | 33-68] 66.32 2. 05 g It} 41.2 27.3 +43 
17| 35:49 | 64.52 2.22 3-06 | 43.6 28.1 -47 
19 | 38.87] 61.13 I. 92 2.90| 48.4 29.6 +55 
20] 41.61] 58.39 2. 08 2.76| 487 28. 4 - 56 
21 | 40.97] 59.03 1. 96 2.79 | 46.0 27.2 - 52 
22 | 44.62] 55.38 1.65 2.55 | 53-0 29. 4 . 60 
23 | 45-73 | 54 27-}> 2 35 2.48 | 54.2 29. 4 - 62 
24| 47.78 | §2.22 2. 33 2.46 | 47.9 25.0 - 56 
26} 49.48] 50.52 2.14 2.36} 50.8 25.7 - 59 
271 49.76] 50.24 1. 98 2.25 | 56.5 28. 4 - 63 
28 | 52.23] 47.77 2..16 2.46} 53.1 25.4 68 
29 | 53:75 | 46.25] 99] 236) 5Q9 27-7 - 76 
30 | 52.47 | 47-53 2,19 2.32), 53.8 25.6 . 65 
31}. 53-1§.| 46.85 aor} 62.37 | 56.6 26.5 .7I 
Aug. 2] 955.89]. 44-11 Kor} 2.24] 64.4 28. 4 . 8x 
4| 56.92} 43.08 2.14 1.81 | §9.5 25.6 . 61° 
5 | 59-83 | 40.17 I. oI 1.96 | 63.9 25. +75 
6\| 67.89 | 32.11 2. 10 2.01 | 42.3 13. . 58 
7 |. 77.90] 22.10 2. 16 2.27 | 45.6 10. I . 81 
CLIPPED SPIKES 
July 2| a113/| 7887 9.70 | 11.76 1.8 0.4 1.4 0. 05 
Bt sec8e.|) Pek des 12. 22 Li7 4 1.3 +05 
5 | 19.91 | 80.09 9. 16 8. 46 2.4 5 1.9 +04 
7 |. 16.68 | 832.32 3. 61 7-09 6. 4 ba 5-3 +08 
8} 17-40], 4. 60,|...4.i.. 6. 53 45 ,Sils) 3.7 +05 
9 | 17.52 | 82.49 2. 68 5-55 9.2 1.6|°. 7.6 +09 
Io} 19.1% | 80.89 2.79 4-30] 12.2 2.3) \9-9 +10 
Ir | 21.04] 78.96 3-02 4-44| 15.6 3-3| 3 «15 
12 | 24.89] 75.11 2.57 3-80 | 21.8 5-4] Ong -2t 
13} 27.48] 72.52 1.77 3-44) 31.8 8&7 | 23.2 +30 | 
14} 28.41] 71.59 1. 69 3-48 | 32.7 % 3 23.4 «32 
35} 30.48 | 69. 52 2. 46 318 | $5.5] to 24.7 - 34 
16 | 33.61 | 66.39 2. 23 3-19 | 38.2} 12.8 25. 4 241 
17 | 36.26 | 63.74 2. 14 2.98 | 44.5] 16.1 | 28.4 -48 
19 |. 35-54 BOs) O52 BQ} RIM. 1H 4 [27RD 45 
20}. 41.10] 58.90 I. go 3-01 | 42.6] 17.5 | 25.4 253 
21 | 42.30] 57.70 1.95 2.83 | 45.0] 19.0] 26.0 - 54 
22 | 44.93 | 55.07 2. 16 BR ERs Mae ey - 65 
93 |...4& 77 |.§523.|.) @ 38 2.62} 44.1] 19.7] 244 - 52 
24| 46.94] 53-06| 2.04 2.70 | 48.2 22.6| 25.6 . 61 
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TABLE III.—Average mtage and weight per kernel of dry matter, water, nitrogen, 
and ash in kernels from normal and clipped spikes of Manchuria barley at St, Paul, 
Minn., in 19r%5—Continued 


CLIPPED SPIKES 



































Wet Nitro- 4 
Date. Dry | water. |Nitrogen.| Ash, | "eight | Weight] “OE | gen | Oop 
att kernel. | kernel. | €ermel. | xermet: | kermel. 
Per cent. | Per cent, | Per cent. | Per ceni.| Mom. | Mom. | Mom. | Mom. | Mom. 
July 26] 48.61] 51.39 2. 04 2.60 | 47.2] 22.9] 24.3] 0.47 0. 60 
27 | 51.70} 48.30 1. 88 2.48 | 52.9] 27.3] 25.6 - 51 - 68 
28 | 52.60] 47.40 2. 27 2.76 | 43.6] 22.9] 20.7 +52 - 63 
29} 58.56] 41.44 2.17 2.48 | 42.6] 24.9] 17.7 - 54 - 62 
3° | 5439] 45-62 2. 51 2.38 | 52.2| 284] 23.8 -71 - 68 
31 | 56.49} 43-52 2. 46 2.59 | 44.2| 25.0] 19.2 - 62 - 65 
Aug. 2] 5830] 41.70 2. 27 2.07 | 60.6|] 35.3] 25.3 -77 - 73 
4| 52.44] 47.56 2. 51 2.64 | 33-9| 17.8] 16.1 -45 - 47 
5 | 64.99] 35-08 2. 1% 2.02} 45.1] 29.3] 15.8), .62 - 59 
6| 66.90] 33.10 2. 36 1.90| 41.6] 27.8] 13.8 - 66 - 53 
7 | 81.18 | 18.82 2.15 2.12 | 33-6] 27.3 6.3 - 59 - 58 








The deposition of ash, on the other hand, is maintained in the kernels 
of clipped spikes for a much longer period. It is only in the final days of 
maturation that the total ash per kernel of the normal spikes exceeds 
that of the kernels of the clipped spikes. In Table III it will be seen 
that in percentage of ash the case is reversed. The kernels of the clipped 
spike have an appreciably higher percentage of ash. That the total is 
higher in the kernels of normal spikes is due to the greater weight of those 
kernels. In the experiment with Hannchen barley at Aberdeen several 
other determinations of ash were made, and a discussion of the significance 
of the ash content is better made after the results from that variety have 
been presented. 

The nitrogen content per kernel is shown graphically in figure 5. 
During more than half the period of growth there is little difference in 
the rate of the deposit of nitrogenous materials in the spikes. From 
July 23 to July 29 there is apparently a more active deposit in the normal 
spikes. The graphs become confused as the kernels ripen. As a whole, 
there is not much difference between the two. As there is a definite 
difference in the dry weight, the deposit of carbohydrates must be 
decidedly greater in the normal spikes during the last half of the growing 
period. 

The water per kernel is a good index of development. In normal 
development the water rapidly increases after fertilization and quickly 
attains its maximum. It then remains stabilized, or nearly so, as long 
as growth is efficiently maintained. When growth is checked or matura- 
tion begins, the water content drops slowly until complete ripeness occurs. 
After complete ripeness it drops still more rapidly for two or three days. 
It will be seen in figure 6 that the water content of the kernels from 
clipped spikes is about equal to that of the kernels from normal spikes 
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until July 25. 


After that date the kernels from clipped spikes exhibit a 


rapid loss of water which becomes accelerated about August 2. 
In general, the differences in the development of the kernels from normal 


and clipped spikes are largely evident in the tables and figures. 


Certain 


observations and deductions seem justified. The discussion of the 
significance of the results at Minnesota, however, has been placed with 
that of results at Aberdeen, Idaho. 


TABLE IV.—Growth of kernels of Hannchen barley in awned and clipped spikes at Aber- 





















































deen, Idaho, in 1916 
JULY 8 
Normal spikes. Clipped spikes. 
Dorso- Dorso- 
‘ Lateral Lateral 
Weight. Length. 7 ventral Weight. Length : ventral 
; diameter. diameter. diameter. Siemnater. 
A B. A B. A. B. A. B. A. B. A. B. A B A. | B 
Gm. | Gm, |Mm.| Mm.| Mm.| Mm.|Mm.| Mm.| Gm. | Gm. | Mm.| Mm.| Mm.| Mm. |Mm.|Mm. 
©. 0007 |0. 0007 2.4 yy eeare BS faddrcolcccedipoccccdiiccccccclecvevelovveesivesove|stpocelous ts 
-oorr | .coro| 2.2] 18/ 08 +9 
+00r2 | . 0012 2-3 2.3 -6) 10 
+0012 | . 0or3 2-3 2.0 7 9]. 
+0013 | -0Or7 | 24] 22 *9] mr]. 
+0014 | .0017 | 21 2.4 Si xz]. 
-0014 | .00r7 | 23 2.2 -8/ rol. 
+0014 | . 0017 2-5 21 -8| ro]. 
0017 | -0017 | a3] 24 -9)} rol, 
0017 | .0017 | 23] 20] mr] mal. 
+0013 | -00or7 | 24] 25 -9| rol, 
~OOIE | .0014 2-2 23 -8 10]. 
+ OOrr | . 0012 24 a4 -6 1.0). 
-OO1r | .0009 | 2.2 21 ej 8). 
+0008 | .c008 | 1.9] 1.8 -6 7 
JULY 10 
©.0009 |o.00r9 | 2-3] 26) O77] 12) &§ | 07 |G0OrS jOCOTS| 22) 24) O29) O7)/07) 7 
+0025 | .0030/ 25] 24] 2] 3 +9 | 10] .0026|.0027| 27] 29] 2] 2] -8 “7 
+0031 | .0039 | 27] 34] 4) S| TO] 1.0] .0033].0032) 26) 27) 4] 12] DO -8 
0039 | -0o45 | 3-4] 35} 15] 1-6] 1-0] 1-0] 0035] -0035| 28] 3-3] 14] 4] 1-0 -8 
+004r | -0047) 3-3] 3&5] 4] S| HO] 1-0] .0037] 0038 | 3-2) 32] 1-3] 14] 2-0 “9 
0048 | .0047| 3:7) 3:7) 14] 14] 10] IE] -0043 | -0043| 3-4) 3-5] US| 13] +9] +9 
0049 | -0osr | 3-7) 40} 1-6) 15] | 160] 0047] +0042] 3-4) 34] S| 14) 2-0] 10 
o0s9 | -0053 | 43 45s 5 1.4 1-0} 1-0] -0052|.0047/ 3-7| 3-7 14] 4])/r0 +9 
oos8 | .0054 | 42 42 Vs 5 1.1 1.0 | .0049 | -0044| 3-5 3S 1-4 15 | 1-0 “9 
0052 | . 0054 3-9 42 14 15) ro 1.0 0048 | .0044 4:2 37 1.4 1-4 -8 *9 
+ 0047 40} 38 5 1-4 | 1.0 +9 | - 0045 | - CO4r 37) 34 1.3 1.4) n0 1.0 
0045 | -0039 | 41 3:9 1.4 1-5 | 1-0 +8 | -0036 | .0035 | 3-0 2.8 1.2 1-3] 1-0 “7 
0034 | -0037 | 3-3] 3:6] 14] BY | .9| 2-0] 0032 |.0032] ger] gr] m4] m4 9 “9 
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TABLE IV.—Growth of kernels of Hannchen barley in awned and clipped spikes at Aber- 
deen, Idaho, in 1916—Continued 
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TABLE IV.—Growth of kernels of Hannchen barley in awned and clipped spikes at Aber- 
deen, Idaho, in 1916—Continued 
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TABLE IV.—Growth of kernels of Hannchen barley in awned and clipped spikes at Aber- 
deen, Idaho, in 1916—Continued 
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TABLE IV.—Growth of kernels of Hannchen barley in awned and clipped spikes at Aber- 
deen, Idaho, in 1916—Continued 
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TABLE IV.—Growth of kernels of Hannchen barley in awned and clipped spikes at Aber- 
deen, Idaho, in 1916—Continued 
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TABLE IV.—Growth of kernels of Hannchen barley in awned and clipped spikes at Aber- 
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EFFECT OF REMOVING THE AWNS FROM HANNCHEN BARLEY AT 
ABERDEEN, IDAHO 


Both the material and the conditions were more favorable for satis- 
factory investigations at Aberdeen than in Minnesota. 

The Hannchen is a 2-rowed, awned variety of barley that grows very 
well under irrigation. The lateral florets are infertile, and this removes 
the complication of prolonged flowering and the great range of variation 
which is present when the small lateral kernels are developing. The 
normal development of Hannchen barley has been discussed in an earlier 
paper.’ 

The growth under irrigation in Idaho is much more uniform than that 
in Minnesota. There are few cloudy days and fewer days in which the 
humidity is at all high. Storms which break the culms are very rare, 
and diseases which affect the leaves or culms are entirely negligible. 





1 HARLAN, Harry V. op. cit. 
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The samples at Aberdeen consisted of at least two spikes. Just after 
flowering, when the kernels were small, three spikes were used. In 
Table IV only two of these are reported because the inclusion of the third 
makes the table even more cumbersome. In this table the steady 
growth of the kernel is apparent. Even when not averaged, the maxi- 
mum kernel weights during the early part of the period constitute a very 
uniform series. The difference between the clipped and unclipped 
spikes becomes increasingly apparent as growth progresses. 

The average weights and measurements in Table V are more easily 
studied than are the unsummarized data in Table IV. Table V gives 
the average by days. In some instances abnormal kernels have been 
thrown out, because they introduce variations that may as well be 
excluded. The kernels from the clipped spikes often exceed those of the 
normal spikes in weight and dimensions during the first week after 
flowering. As was the case in Minnesota, the normal spikes soon out- 
strip the clipped ones and maintain their advantage until maturity. 
The comparative development is illustrated in figures 7 and 8. 


TABLE V.—Average wet weight, length, lateral diameter, and dorsoventral diameter of 


kernels from normal and clipped spikes of Hannchen barley from flowering to maturity, 
at Aberdeen, Idaho, in 1916 
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The graphs of the growth in length essentially coincide for six days 
after flowering. For some reason not apparent, the kernels in the normal 
spikes reach a greater length than those of the clipped spikes. This 
greater length is still in evidence at maturity. The difference is only 4 
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Fic. 7.—Graph showing growth in length, lateral diameter, and dorsoventral diameter of kernels of Hann- 
chen barley in normal and clipped spikes. 

mm., but it occurred in both Minnesota and Idaho. A part of the differ- 
ence seems to have been due to the greater water content of the normal 
kernels, for the graphs of kernel lengths approach each other again at 
maturity. 

At Aberdeen, the course of the development of the lateral diameter is 
much like that of the dorsoventral diameter. Seven or eight days after 
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flowering, the diameters of the normal kernels are larger than those 
from clipped spikes, and they then continue larger for the remainder of 
the period of development. In Minnesota, there is little difference 
between the kernels of the two classes of spikes until near maturity. As 
maturation approaches, the normal kernels are found to be uniformly 
greater in diameter than are those from the clipped spikes. 

The graph of the wet weight is much more uniform at Aberdeen than 
at St. Paul. As in Minnesota, there is no difference between the clipped 
and normal spikes in the first few days. The period of equality is shorter 
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Fic. 8.—Graph showing wet weight of kernels of Hannchen barley from normal and clipped spikes. 


at Aberdeen, however. After July 15 the average wet weight of ‘the 
kernels from clipped spikes here never equals the wet weight of the 
kernels from normal spikes. 

The wet weight includes a variable amount of water, which increases 
during the first half of the growing period and decreases during the 
second half. For this reason the curve of the wet weight differs greatly 
from the curve of the dry weight. The dry weights are shown in figure 9. 
In Minnesota, the trend of increase in dry weight was quite uniform, as 
was shown in figure 3. In Idaho, the graph of the dry weight is almost 
a straight line. It would seem that in both the normal and clipped 
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spikes the rate of growth was very nearly at its maximum. If this is 
true, the maximum of the clipped is less than that of the normal spike, 
for after July 15 the dry matter per kernel is always less. 

The percentage and weight per kernel of the dry matter are given in 
detail in Table VI. This table also includes the data on water, nitrogen, 
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Fic. 9.—Graph showing dry matter in kernels of Hannchen barley from normal and clipped spikes. 

and ash. These figures were obtained from the analyses of the samples 
reported in Tables IV and V. Most of the data on the percentages of the 
various substances have not been included in the figures. An inspection 
of the tables shows a surprisingly uniform decrease in the percentage of 





water and, of course, an equally uniform increase in the percentage of 
183718°—20——6 
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dry matter. The difference between the percentage of materials present 
in the kernels of normal and clipped spikes is necessarily in direct rela- 
tion to the actual quantities. 


TABLE VI.—Average percentage and weight per kernel of dry matter, water, nitrogen, and 
ash in kernels from normal and clipped spikes of Hannchen barley at Aberdeen, Idaho, 
in 1916 

- NORMAL SPIKES 




















Nit | Wet Dry Nitro- 
Date. | DR | water, | in dry | indry | "eight | weight | DPT | gen. | Ash per 
matter. | matter. | pemel, | kernel. | Kernel: hernel. 
Per cent. | Per cent. | Per cent. | Per cent.| Mgm. Mgm. Mom. | Mom. Mom. 
July 8] 2048] ‘vo 52 |........ 7. 46 1.4 0.3 AED Se ©. 02 
10| 1818] 81. 82 7. 33 3. 40 3-8 7 3-1 | 0.05 - 02 
Ir] 19.23 | 8077 4. 61 4-21 5.8 1.1 4-7 + 05 05 
12} 19.10| 80.90 4.16 5-47 1.4 1.4 6.0 - 06 - 08 
13| 22.03] 77-97 3. 56 4-33 | 149 3-3] 21.6 -12 -14 
14| 22.76] 77.24 3.15 3-74 | 16.0 3-6] 12.4 +I 13 
15 | 23.87 | 76.13 2.94 3-69 | 21.9 §.2] 16.7 -15 19 
17 | 28.41] 71.59 2. 33 3-06] 37-1 | 105] 26.6 +24 32 
18 | 31.06 | 68.94 2. OI g8r.| (48.7 |) 13.0) 287 -26 42 
19 | 32.47 | 67.53 1, QI 3-52 | 42.3] 13.7 | 286 - 26 48 
20| 33.21 | 66.79 1.80 3-45 | 43-5| 144] 29.1 . 26 50 
21} 36.21} 63.79 I. 92 2.87) 46.9] 17.0] 29.9 - 33 49 
22 | 38.92] 61. 08 1.93 2.63] 51-2] 19.9] 31.3 38 52 
24] 42.38] 57.62 1.97 2.50] 57-3| 24.3] 33-0 48 61 
25 | 47-59 | 52.41 2.02 2.56| 56.5| 26.9] 29.6 54 69 
26 | 43.96] 56.04 2. 06 2.45 | 606/ 26.6] 34.0 55 65 
27 | 51-37] 48.63 1. 83 2.60] 583] 29.9| 28.4 55 78 
28 | 50.09] 49.31} 2.06] 2.35 | 602) 305] 29.7 63 72 
29 | 50.99] 49.01 2. 03 2.32 | 65.8] 33.6] 32.2 68 78 
31 | 56.01 | 43.99 2. 33 2.41 | 64.4| 36:1 | 283 84 87 
Aug. 1] 60.96] 39.04 9:27 2.20| 61.5] 37-5] 24.0 81 83 
2] 65.81} 34.19 2. 07 2.30] 51-9| 342] 17.7 71 719 
3 | 73-91 | 28.09 2.25 B.O5ih $9.4]. 37.5] 3417 84 84 
CLIPPED SPIKES 
July 10 17.8 82. 2 5. 43 6. 63 3-3 0. 6 2.7] 003 0. 04 
II 19. 0 81.0 4.14 4-17 6.7 x. 3 5:4 -05 05 
12 28.0 72.0 3173 4. 80 7.8 2.2 5.6 - 08 oaE 
13 21.6 78. 4 3. 52 4-28] 13.8 3-0] 108 +11 -13 
14 23.5 76. 5 3: 04 408] 18.3 43] 140 -13 - 18 
15 24. 6 75.4 2. 56 3-76 | 21.6 53 | 16.3 -14 -20 
17 29. 2 70. 8 2. 59 3-36 | 31.9 9-3 | 22.6 +24 31 
18 30.1 69. 9 2. 02 3-18 | 36.4] 11.0] 25.4 .22 35 
19 32.4 67.6 2. 00 2.89 | 37.1] 2.0] 295.1 24 35 
20 35° 3 64.7 2. 03 3-00} 39.8] 14.0] 25.8 28 42 
ar/ 394) O06); 2.03] 2093} 41.9] 165] 25.4 33 48 
22 38. 5 61.5 I. go 3-00] 47.1] 181] 29.0 34 54 
24 43:3 56. 7 1.97 2.69] 52.9] 23.0] 29.9 45 62 
25 47.1 52.9 2. 06 2.64 | $383) SAO O77 49 62 
26 47.2 52.8 2. 06 £80 1.87.41 87.5.1. 303 56 76 
27 51.2 48. 8 2.10 2.45] 52.6] 269] 25.7 56 
28 52.8 47-2 2.15 2.39 | 55-6] 29.4] 26.2 63 7° 
29 52.6 47-4 oe | 2.48! 59.6] 31.31 28.3 67 78 
31 58. 4 41.6 2, 06 2.08 | 56.4] 32.9] 23.5 68 68 
Aug. 1 62. 5 37-5 $49 2.27 | .§5.6] 34. 20. 8 76 79 
2 67.9 Le 2.24 2. 3 | 90.7.1 33-71 1606 75 78 
3 77.6 22.4); 1.98 2.26 | 43-5 | 33.8 9.7 67 76 
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The ash was determined in more organs at Aberdeen than at St. 
Paul. The percentage of ash in the rachis, paleae, and awns is shown 
in figure ro, as well as the ash in the kernel. The analysis of the other 
structures throws much light on the problem. The awn contains a 
surprising amount of ash. At flowering time ro per cent of its dry 
weight is ash, while’ at maturity 33 per cent of the dry weight is ash. 
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Fic. 10.—Graph showing percentage of ash in the kernels, rachises, paleae, and awns of normal spikes of 
Hannchen barley and in the kernels, rachises, and paleae of clipped spikes. 


The total amount of ash present is considerable. The percentage of 
ash in the kernels of the clipped spikes is about the same as in those of 
the normal spikes. The paleae of the clipped spikes contain more ash 
than those of the normal spikes. 

It is in the rachis that the greatest and most significant difference 
occurs. The rachises of the clipped spikes contain 25 per cent more 
ash than the rachises of the normal spikes. It would seem that much 
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of the mineral content that usually goes into the awn remains in the 
rachis of the clipped spike. These rachises were found to be brittle, 
while the normal ones were not. Both in Minnesota and in Idaho the 
clipped spikes had a tendency to shatter, while the normal spikes exhibit 
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Fic. 11.—Graph showing total nitrogen in kernels of Hannchen barley from normal and clipped spikes. 


no such tendency. The divergence in ash content is surprisingly large 
and widens consistently throughout the period of growth. 

The increase in nitrogen per kernel in Idaho is similar to that found 
in Minnesota. The amount of nitrogen in the kernels from clipped 
spikes is almost as large as that in the kernels from normal spikes. The 
average is slightly less, but as a whole the content of nitrogen is nearly 
equal in the two, as may be seen in figure 11. 

The difference in water content shown in figure 12 is more striking 
at Aberdeen than at Minnesota. After July 15 the kernels from clipped 
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spikes never contain as much water as those from normal spikes. This 
is in full accord with the results obtained at St. Paul, but the greater 
uniformity of the development at Aberdeen emphasizes the difference 
of behavior by removing the confusion of abnormal samples. 

In a preliminary experiment conducted at Arlington Farm, Va., the 
relation of the length of the awn to the weight of kernel was studied. 
The awns increase in length from the base of the spike for about one- 
third the distance to the tip. The spikelets on the upper two-thirds of 
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Fic. 12.—Graph showing water in kernels of Hannchen barley from normal and clipped spikes. 


the spike exhibit a gradual decrease in awn length, the shorter awn 
occurring on the apical spikelet. 

Figure 13 shows a composite spike resulting from the average of the 
data obtained. In this case the node numbers include both sides of 
the spike and are alternate. The weights used are the average of the 
kernels at two adjacent nodes. It will be seen in the figure that the 
greatest difference in weight results from the removal of the longest 
awns. The removal of the short awns near the tip affects the yield 
only slightly. If the curve of the clipped kernels is taken as showing 
that the normal peak due to nutrition occurs at about node 9g or 10, 
the greater length of awn on node 6 is seen to move the peak of the 
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kernels from awned spikelets nearer to the base of the spike than is the 
case in the clipped spikelets. 


DISCUSSION OF RESULTS 


The results in both Minnesota and Idaho have a direct bearing on 
the two chief field problems in the production of hooded and awnless 
barleys. These barleys have not yielded as well as the bearded sorts, 
and they have shattered. 

The barleys from which the awns were removed did not give as high 
yield in these experiments as the awned plants growing beside them. 
This conforms to the experience of Zoebl and Mikosch, Schmid, Perlitus, 
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Fic, 13.—Graph showing relation of length of awn to weight of clipped kernels and unclipped spikelets 
on a 2-rowed barley grown at Arlington Farm, Va. 


and some other investigators. In this study it was evident that the 
reduction in yield was not due to any injury to the plant, as the differ- 
ence in growth was not apparent for several days after the awns had 
been removed. The early growth of the kernels in clipped and normal 
spikes was equally vigorous. It was only when starch infiltration be- 
came rapid that the awned spikes showed greater activity. The differ- 
ence in ultimate weight was largely due to the difference in the quantity 
of starch present. There was little difference in the quantities of ash 
and nitrogen. Zoebl and Mikosch looked upon the awn as an organ of 
transpiration. Whether the reduction of transpiration alone is suffi- 
cient to account for the lower rate of starch production is a question. 
That transpiration has an influence on the behavior of the hooded 
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barleys is indicated in the field experiments, These barleys have proved 
relatively better in dry years on the northern plains than in wet years. 
In the “good”’ years the hooded varieties have been far inferior to the 
best bearded sorts, but in “bad” years they often have been better. 

In any case, these two experiments show that the awn has a function, 
and the loss of the awn has resulted in a reduced yield. 

The second field problem is that of shattering. The common hooded 
and awnless varieties have a tendency to shatter at maturity. The 
clipped spikes of Manchuria and Hannchen barleys showed a ten- 
dency in this direction; the normal spikes did not. The spikes from 
which the awns were removed proved to be fragile, and many of them 
fell to pieces as maturity approached. 

An explanation of this behavior was found in the determination of 
ash in the awns, rachises, and paleae. The ash that normally went into 
the awn was deposited largely in the rachis of the clipped spikes.. The 
additional ash seems to have been sufficient to cause the rachis to be 
brittle. It would seem that the awn also served as a place in which to 
store the excess of ash. More mineral matter probably is taken up in 
growth than is needed by the plant. There is no method of elimination. 
The extra mineral is deposited in cells which probably serve little purpose 
other than storage. The removal of tissues and organs containing cells 
which can be devoted to this end must, in itself, cause some derange- 
ment of the normal processes of development. 

From the experiments conducted, it would seem that awnless and 
hooded barleys are limited by the loss of the awns. It appears that high 
yields are not to be expected from such varieties. It is to be expected 
that such sorts will shatter more than awned kinds. This has been the 
experience in breeding also. For the most part awnless hybrids have 
been brittle and of low yielding capacity. It is thought that there is 
‘little use in attempting to secure valuable awnless or hooded varieties by 
means of hybrids with most varieties. One possible method of breeding 
has been indicated by experiments not yet published. Some varieties 
of awned barley have normally a much lower content of ash in the rachis 
than others. It is possible that the progeny of crosses with these and 
the hooded sorts may yield well in semiarid climates and that they will not 
shatter. One or two such hybrids are now giving promise. 

When the first elementary experiment conducted in Minnesota indi- 
cated the physiological difficulties in the way of producing desirable 
varieties of hooded and awnless barleys, work was amplified in another 
line. Several hundred hybrids with smooth awns have been produced 
and tested. Much of this work has been done in the cooperative 
experiments with the Minnesota Agricultural Experiment Station, but 
many strains have been tried elsewhere. Several of these give promise 
of good yielding capacity. 
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The awns of these hybrids are smooth. All the large scabrous teeth 
on the basal two-thirds of the awn have been eliminated. The tips of the 
awus are slightly rough, but this roughness is not sufficient to be objec- 
tionable to either growers or feeders of barley. Whether varieties of this 
type can be made to yield equally as well as the awned sorts remains to be 
determined. 


SUMMARY 


The removal of the awns from a barley spike has a marked effect on the 
development of the kernels of the spike. 

Kernels from clipped spikes have smaller volume and a lower weight of 
dry matter at maturity than do those from normal spikes. 

The difference is not due to the injury or shock of removing the awns; 
the kernels in the clipped spikes develop as rapidly as those in the normal 
spikes for several days after the awns are clipped. 

About one week after flowering the deposit of dry matter in the ker- 
nels of the normal spikes begins to exceed that in the kernels of the 
clipped spikes. This is about the time that rapid starch infiltration 
begins. 

The daily deposit of nitrogen and ash is more nearly equal in the two 
classes of spikes than is the deposit of starch. 

In normal spikes at Aberdeen, Idaho, the awns contained more than 
30 per cent of ash at maturity. When the awns were removed a part of 
this ash apparently was deposited in the rachis, The rachises of the 
clipped spikes contained about 25 per cent more ash than the rachises 
of the normal spikes. 

The additional ash in the rachises of the clipped spikes probably was 
responsible for the tendency of these spikes to break. The indications 
are that the elimination of the awns results not only in lower yields but in 
shattering as well. 

Hooded and awnless barleys generally yield less and shatter more 
than awned varieties, and there seem to be physiological reasons for this 
fact. 

It may be possible to produce nonshattering hooded and awnless sorts 
by using parents which normally have a low percentage of ash in the 
rachises. It may be possible to obtain strains that will give good yields 
under arid conditions. Under humid conditions it is likely that the 
objections to the awns are more easily met by the use of strains with 
smooth awns, which, so far as known at present, have no physiological 
limitations. 





